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PREFACE. 


Tuose who are conversant with the preparation of ele- 
mentary text-books, have experienced the difficulty of 
adapting them to the various wants which they are in- 
tended to supply. 

The institutions of education are of all grades, from the 
college to the district school, and although there is a wide 
difference between the extremes, the level, in passing 
from one grade to the other, is scarcely broken. 

Each of these classes of seminaries requires text-books 
adapted to its own peculiar wants; and if each held its 
proper place in its own class, the task of supplying suit- 
able works would not be difficult. 

An indifferent college is generally inferior,in the system 
and scope of its instruction,to the academy or high school; 
while the district school is often found to be superior to 
its neighboring academy. 

The Geometry of Legendre, embracing a complete 
course of Geometrical science, is all that is desired in 
the colleges and higher seminaries; while the Practical 
Mathematics for Practical Men, recently published, is 
designed to meet the wants of those schools which are 

‘strictly elementary and practical in their systems of 


instruction.. Pane 
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But still a large class of seminaries remained unsup- 
plied with a suitable text-book on Elementary Geometry 
and Trigonometry : viz., those where the pupils are car- 
ried beyond the acquisition of facts and mere practical 
knowledge, but have not time to go through with a full 
course of mathematical studies. 

It is for such, that the following work is designed. It 
has been the aim of the author to present the striking 
and important truths of Geometry in a form more simple 
and concise than could be adopted in a complete treatise, 
and yet to preserve the exactness of rigorous reasoning. 

In this system of Geometry nothing has been taken for 
granted, and nothing passed over without being fully de- 
monstrated. 

The Trigonometry, including the areteates to the 
measurements of heights and distances, has been writ- 
ten upon the same plan and for the same objects: it 
embraces all the important theorems and all the striking 
examples. 

In order, however, to render the applications of Ge- 
ometry te the mensuration of surfaces and solids complete 
in itself, a few rules have been given which are not de- 
monstrated. ‘This forms an exception to the general plan 
of the work, but being added in the form of an appendix, it 
does not materially break its unity. 

That the work may be useful in advancing the it interests 
of education, is the hope and ardent wish of the author. 

Fisneri Lanvine, 
May, 1851 
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ELEMENTARY 


GEOMETRY. 


BOOK IL. 


DEFINITIONS AND REMARKS. 


1, Extension has three dimensions, length, breadth, and 
thickness. 

Geometry is the science which has for its object: 

Ist. The measurement of extension; and 2dly, To discover, 
by means of such measurement, the properties and relations 
_of geometrical figures. 

2. A Point is that which has place, or position, but not 
magnitude. 

3. A Line is length, without breadth or thickness. 

4. A Straight Line is one which lies 
in the same direction between any two of 
its points. 

5. A Curve Line is one which changes 
is direction at every point. aie 

The word line when used alone, will designate a straight 
line; and the word curve, a curve line. 

6. A Surface is that which has length and breadth, with- 
out height or thickness. 

7. A Plane Surface is that which lies even throughout its 
whole extent, and with which a straight line, laid in any 
direction, will exactly coincide in its whole length. 

8. A Curved Surface has length and breadth without thick- 
ness, and like a curve line is constantly changing its direction 

9. A Solid or Body is that which has length, breadth, and 
thickness. Length, breadth, and thickness are called dimen- 
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Definitiors. 


Se eee 
sions. Hence, a solid has three dimensions, a surface two, 
and aline one. A point has no dimensions, but position only 


10. Geometry treats of lines, surfaces, and solids. 


11. A Demonstration is a course of reasoning which estab- 
lishes a truth. 


12. An Hypothesis is a supposition on which a demonstra- 
tion may be founded. 


13. A Theorem is something to be proved by demonstration. 

14. A Problem is something proposed to be done. 

15. A Proposition is something proposed either to be done 
or demonstrated—and may be either a problem or a theorem. 

16. A Corollary is an obvious consequence, deduced from 
something that has gone before. 

17. A Scholium is aremark on one or more preceding propo 
sitions. 


18. An Axiom is a self evident proposition. — 


' OF ANGLES, 


19, An Angle is the portion of a plane included between 
two straight lines which meet at a common point. The 
two straight lines are called the sides of the angle, and 
the common point of intersection, the vertex. 

Thus, the part of the plane included Cc 


between AB and AC is called an angle: 
AB and AC are its sides, and A its vertes. B 


An angle is generally read, by placing the letter at the ver- 
tex in the middle. Thus, we say, the angle CAB. We may, 
however, say simply, the angle A. 


20. One line is said to be perpendicular to another when it 
inclines no more to the one side than to the other 
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Definitions. 


‘The two angles formed are then equal to 
each other. Thus, if the line DB is per- 
pendicular to AC, the angle DBA will 
be equal to DBC. 

21. When two lines are perpendicular 
to each other, the angles which they form 
are called right angles. Thus, DBA and 
DBC are called right angles. 


22. An acute angle is less than a right 
angle. Thus, DBC is an acute angle. 


23. An obtuse angle is greater than a 
right angle. Thus, DBC is an obtuse 
angle. 

24. The circumference of a circle is a 
curve line all the points of which are 
equally distant from a certain point within 
called the centre. 

Thus, if all the points of the curve AZB 
are equally distant from the centre C, this 
curve will be the circumference of a circle. 

25. Any portion of the circumference, 
as AED, is called an are. 

26. The diameter of a circle is a 
straight line passing through the centre 
and terminating at the circumference. 
Thus, ACB is a diameter. 


27. One half of the circum‘erence, as 


ACB is called a semicircumference ; and 


one quarter of the circumference, as AC, 
is called a quadrant 
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Definitions. 


28. The circumference of a circle is used for the measure: 
ment of angles. For this purpose it is divided into 360 equal 
parts called degrees, each degree into 60 equal parts called 
minutes, and each minute into 60 equal parts called seconds. 
The degrees, minutes, and seconds are marked thus °/” ; and 
9° 18’ 16”, are read, 9 degrees 18 minutes and 16 seconds. 


29. Let us suppose the circumference 90_g9 
of a circle to be divided into 360 degrees, 40 
beginning at the point B. If through 
the point of division marked 40, we draw B 


CE, then, the angle ECB will be equal to 
40 degrees. If CF were drawn through 
the point of division marked 80, the angle BCF would be equal 
to 80 degrees. 
4 OF LINES. 
30. Two straight lines are said to be 
parallel, when being produced either way, 


as far as we please, they will not meet 
each other. 


31. Two curves are said to be parallel 
or concentric, when they are the same dis- ——> 
tance from each other at every point. ; 
32. Oblique lines are those which ap- ae 


proach each other, and meet if sufficiently 
produced. 


33. Lines which are parallel to the horizon, or to the water 
level, are called horizontal lines. 


34. Lines which are perpendicular to the horizon, or to the 
water level, are called vertical lines. 
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Definitions. 


OF PLANE FIGURES. 

35. A Plane Figure is a portion of a plane terminated on all 
sides by lines, either straight or curved. 

36. If the lines which bound a figure are straight. the space 
which they inclose is called a rectilineal figure, or polygon 
The lines themselves, taken together, are called the perimeter 
of the polygon. Hence, the perimeter of a polygon is the sum 
of all its sides. 


37. A polygon of three sides is called 
a triangle. 


38. A polygon of four sides is called 
a quadrilateral. f 


39. A polygon of five sides is called a 
pentagon. 


40. A polygon of six sides is called 
a hexagon. 


41. A polygon ot seven sides is called a heptagon. 
42. A polygon of eight sides is called an octagon. 
; 2 
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Definitions. 


43. A polygon of nine sides is called a nonagon. 


44. A polygon of ten sides is called a decagon. 


45. A polygon of twelve sides is called a dodecagon. 


46. There are several kinds of triangles. 


first. An equilateral triangle, which has 
its three sides all equal. 


Second. An isosceles triangle, which has 
two of its sides equal. 


Third. A scalene triangle, which has its 
three sides all unequal. 


Fourth. A right angled triangle, which 
has one right angle. 

In the right angled triangle ABC, the 
side AC, opposite the right angle, is called 
the hypothenuse. 


47. The base of a triangle is the side on 


which it stands. Thus, AB is the base of 
the triangle ACB. 


The altitude of a triangle is a line drawn 


from the angle opposite the base and per- 4 D B 
pendicular to the base. Thus, CD is the altitude of the tri 


angle ACB. 
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Definitions. 


48. There are three kinds of quadrilaterals. 


1. The trapezium, which has none of 
its sides parallel. 


2. The trapezoid, which has only two 
of its sides parallel. 


8. The parallelogram, which has its 
opposite sides parallel. 


49. There are four kinds of parallelograms : 


1. The rhomboid, which has no right 
angle. 


2. The rhombus, or lozenge, which is 
an equilateral rhomboid. 


8. The rectangle, which 1s an equian- 
gular parallelogram. 


4, The square, which is both equilat- 
eral and equiangular. 
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Of Axioms. 


50. A Draconat of a figure is a line which 
joins the vertices of two angles not adjacent. 


51. The base of a figure is the side on which it is supposed 
to stand; and the altitude is a line drawn from the opposite 
side or angle, perpendicular to the base. 


AXIOMS. 
1. Things which are equal to the same thing are equal to 
each other. 


2. If equals be added to equals, the wholes will be equal. 


3. If equals be taken from equals, the remainders will be 
equal. 


4. If equals be added to unequals, the wholes will be un- 
equal. 


5. If equals be taken from unequals, the remainders will be 
unequal. : 


6. Things which are double of equal things, are equal to 
each other. 


7. Things which are halves of the same thing, are equal to 
each other. 


8. The whole is greater than any of its parts 
9. The whole is equal to the sum of all its parts. 
10. All right angles are equal to each other. 


11. A straight line is the shortest distance between two 
points. 

12. Magnitudes, which being applied to each other, coin- 
cide throughout their whole extent, are equal. 
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Of Angles. 


PROPERTIES OF POLYGONS. 


THiOREM I. 


Every diameter of a circle divides the circumference into two 
equal parts. 


Let ADBE be the circumference of a 
circle, and ACB a diameter: then will 
the part ADB be equal to the part AEB. 

For, suppose the part AEB to be turn- 
ed around AB, until it shall fall on the 
part ADB. The curve AFB will then 
exactly coincide with the curve ADB, or else there would 
be some point in the curve AEB or ADB, unequally distant 
from the centre C, which is contrary to the definition of a 
circumference (Def. 24). Hence, the two curves will be 
equal (Ax. 12). 


Corollary 1. If two lines, AB, DE, D 
be drawn through the centre C perpen- 
dicular to each other, each will divide the 


circumference into two equal parts; and A B 
the entire circumference will be divided 
into the equal quadrants DB, DA, AE, 
and EB. 

Cor. 2. Hence, a right angle, as DCB, is measured by one 
quadrant, or 90 degrees; two right angles by a semicircumfer- 
ence, or 180 degrees ; and four right angles by the whole cir- 


cumference, or 360 degrees 
Paes 
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THEOREM Il. 


If one straight line meet another straight line, the sum of the 


two adjacent angles will be equal to two right angles. 


Let the straight line CD meet the 
straight line AB, at the point C; then 
will the angle DCB plus the angle DCA 
be equal to two right angles. A Cc B 

About the centre C, with any radius as CB, suppose a 


D 


semicircumference to be described. Then, the angle DCS 
will be measured by the arc BD, and the angle DCA by the 
arc AD. But the sum of tle two arcs is equal to a semicir- 
cumference: hence, the sum of the two angles is equal to two 
right angles (Th. i, Cor. 2). 


Cor. 1. If one of the angles, as DCB, 
is a right angle, the other angle, DCA | 
will also be a right angle. A C B 


Cor. 2. Hence, all the angles which 
ean be formed at any point C, by any 
number of lines, CD, CH, CF, &e, F pe 
drawn on the same side of AB, are equal 
to two right angles: for, they will be 4 C 
measured by a semicircumference. 

Cor, 3. If DC meets two lines CB, CA, making DCB 
plus DCA equal to two right angles, ACB will form one 
straight line. 

Cor, 4. Hence, also, all the angles 
which can be formed round any point, as 
C, are equal to four right angles. For, 
the sum of all the ares which measure 
them, is equal to the entire circumference, 
which is the measure of four right angles (Th. i. Cor. 2), 


B 
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Of Triangles. 


THEOREM III. 


Tf two straight lines intersect each other, the opposite or ver- 
tical angles which they form, are equal. 


Let the two straight lines AB and D 
CD intersect each other at the point 
E:: then will the opposite angle AEC 
be equal to DEB, and AED=CEB. 

For, since the line AZ meets the Cc 
line CD, the angle AEC+-AED= two right angles. But 
since the line DE meets the line AB, we have DEB+ AED= 
two right angles. ‘Taking away from these equals the com- 
mon angle AED, and there will remain the angle AEC equal 
to the angle DEB (Ax. 3). 

In the same manner we may prove that the angle AED is 
equal to the angle CEB. 


A B 


% ; 
fs THEOREM Iv. 
If two triangles have two sides and the included angle of the 


one, equal to two sides and the included angle of the other, each 
to each, the two triangles will be equal. 

Let the triangles ABC and DEF Cc F 
have the side AC equal to DF, CB 
to FE, and the angle C equal to the 
angle F’: then will the triangle ACB 
be equal to the triangle DEF. 

For, suppose the side AC, of the 4 BD E 
triangle ACB, to be placed on DF, so that the extremity Cc 
shall fall on the extremity F: then, since the sides are equal, 
A will fall on D. 

But since the angle C is equal to the angle F, the line CB 
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Of Triangles. 


will fall on FE ; and since CB is equal Cc F 
to FE, the extremityB will fall on E;- 

and consequently the side AB will fall 

onthe side DE (Ax.11). Hence, the / 
two triangles will fill the same space, ; 
and consequently are equal (Ax. 12.). 4 BD 


Scholium. Two triangles are said to be equal, when being 
applied the one to the other they exactly coincide (Ax. 12). 
Hence, equal triangles have their like parts equal, each to 
each, since those parts coincide with each other. The converse 
of the proposition is also true, namely, that- two -triangles 
which have all the parts of the one equal to the corresponding 
parts of the other, each to each, are equal: for if applied the 
one to the other, the equal parts will coincide. 


THEOREM V. 


If two triangles have two angles and the included side of the 
one, equal to two angles and the included side of the other, each to 
each, the two triangles will be equal. 


Let the two triangles ABC and 
DEF have the angle A equal to the Cc F 
angle D, the angle B equal to the 
angle E, and the included side AB 
equal to the included side DE: then 
will the triangle ABC be equal to the 
triangle DEF. 


For, let the side AB be placed on the side DE, the extrem 


ity A on the extremity D; and since the sides are equal, the 
point B will fall on the point FE. 


Then since the angle A is equal to the angle D, the side 


A BD z 
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AC will take the direction DF: and since the angle B is 


equal to the angle E, the side BC will fall or the side EF: 
hence, the point C will be found at the same time on DF and 


£F, and therefore will fall at the intersection F': consequently, 
all the parts of the triangle ABC will coincide with the parts 
of the triangle DEF, and therefore, the two triangles are equal 


THEOREM VI. 


In an isosceles triangle the angles opposite the equal sides are 


equal to each other. 


Let ABC be an isosceles triangle, hav- g 


ing the side AC equal to the side CB: 
then will the angle A be equal to the an- 


gle B. 7 - 


For, suppose the line CD to be drawn dividing the angle C 
into two equal parts. 

Then, the two triangles ACD and DCB, have two lbs and 
the included angle of the one equal to two sides and the in- 
cluded angle of the other, each to each: that is, the side AC 
equal to BC, the side CD common, and the included angle 
ACD equal to the included angle DCB: hence the two trian 
gles are equal (Th. iv); and hence,the angle A is equal to 
the angle B. 


Cor. 1. Hence, the line which bisects the vertical angle of 
an isosceles triangle, bisects the base. It is also perpendicu- 
lar to the base, since the angle CDA is equal to the angle 
CDB. ! 

Cor. 2: Hence, also, every equilateral triangle, must also 
be equiangular: that is, have all its angles equal, each to each. 
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THEOREM VII. 


Conversely —If a@ triangle has two of tts angles equal, the 
sides opposite those angles wil also be equal. 


In the triangle ABC, let the angle A be 
equal to the angle B: then will the side 
BC be equal to the side AC. D 

For, if the two sides are not equal, one 
of them must be greater than the other. 
Suppose AC to be the greater side. Then 
take a part AD equal to BC 

Now, in the two triangles ADB and ABC, we have the 
side 4D =BC, by hypothesis; the side AB common, and the 
angle A equal to the angle B: hence,the two triangles have 
two sides and the included angle of the one equal to two sides 
and the included angle of the other, each to each: hence, the 
two triangles are equal (Th. iv), that is, a part ADB is 
equal to the whole ABC, which is impossible (Ax. 8): conse- 
quently, the side AC cannot be greater than the side CB, and 
hence, the triangle is isosceles. 


Cc 


B 


Scholium 1. The method of reasoning pursued in the last 
theorem, is called the “ reductio ad absurdum,” or a proof that 
leads to a known absurdity. 

Let us analyze this method of reasoning. We wished to 
prove that the two sides AC, CB were equal. We supposed 
them unequal, an1 AC the greater—that was an hypothesis 
(See Def. 12). We then reasoned on the hypothesis, and 
proved a part equal to the whole, which we know to be false 
(Ax. 8) Hence, we conclude that the hypothesis is untrue, 
because after a correct chain of reasoning it leads to a result 
which we know to be absurd 


BeO: 0: K>- 15 23 


Of Triangles. 

Scholium 2. Generally,—If the demonstration is based on 
known principles, previously proved, or admitted in the ax- 
toms, the conclusion will always be true. But, if the demon- 
stration is based on an hypothesis, (as in the last theorem, that 
AC was the greater side), and the conclusion is contrary to 
what has been previously proved, or admitted in the axioms 
then, it follows, that the hypothesis cannot be true. 

The former is called a direct, and the latter an indtrect 


demonstration. 


‘/ THEOREM VIII. 


If two triangles have the three sides of the one equal to the 
three sides of the other, each to each, the three angles wil! also be 
equal, each to each. 


Let the two triangles ABC, ABD, 
have the side AB equal to the side AB, 
the side AC equal to AD, and the side 
CB equal to DB: then will the corres- 
ponding angles also be equal, viz: the 
angle A will be equal to the angle A, the 
angle B to the angle B, and the angle C 
to the angle D. 

For, suppose the triangles to be joined 
by their longest equal sides AB, and the 
line CD to be drawn. 

_ Then, since the side AC is equal to AD, by hypothesis, the 
tangle ADC will be isosceles; and therefore, the angle ACD 
will be equal to the angle ADC (Th. vi). In like manner, 
in the triangle CBD, the side CB is equal to DB: hence, the 
angle BCD is equal to the angle BDC. 

Now, by the addition of equals, we have 
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ACD+BCD=ADC+BDC 
that is, the angle ACB=ADB. 


Now, the two triangles ACB and ADB A B 
have two sides and the included angle of 


the one equal to two sides and the in- D 

cluded angle of the other, each to each: hence, the remaining 
angles will be equal (Th. iv): consequently, the angle CAB 
is equal to BAD, and the angle CBA to the angle ABD. 


Sch. The angles of the two triangles which are equal to 
each other, are those which lie opposite the equal sides, 


THEOREM IX. 


If one side of a triangle is produced, the outward angle 1s 
greater than either of the inward opposite angles. 


Let ABC be a triangle, having the side 
AB produced to D: then will the outward 
angle CBD be greater than either of the 
inward opposite angles A or C. 

For, suppose the side CB to be bisected at the point E. 
Draw AE, and produce it until EF is equal to AE, and then 
draw BF. ; 

Now, since the two triangles AEC and BEF have AE= 
EF and EC=EB, and the included angle AEC equal to the 

included angle BEF (Th. iii), the two triangles will be equal 
in all respects (Th. iv): hence, the angle EBF will be equal 
to the angle C. But the angle CBD is greater than the angle 
CBF, consequently it is greater than the angle C, 

In like manner, if CB be produced to G, and AB be bi. 
sected, it may be proved that the outward angle ABG, or its 
equal CBD (Th. iii), is greater than the angle A. 
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THEOREM X. 


The sum of any two sides of a triangle ts greater than the 
third side. 


Let ABC be a triangle: then will the 
sum of two of its sides, as AC, CB, be 
greater than the third side AB. Zo SS 
For the straight line AB is the short- 


est distance Letween the two points A and B (Ax. xi): hence, 
AC+ CB is greater than AB. 


THEOREM XI. 


The greater side of “every triangle is opposite the greater angle: 
and conversely, the greater angle is opposite the greater side. 


First. In the triangle CAB, let the an- 


gle C be greater than the angle B: then, = 
will the side AB be greater than the side 4 
AC. 2S 


For, draw CD, making the angle BCD 
equal to the angle B. ‘Then, the triangle CBD will be 
isosceles: hence, the side CD=DB (Th. vii.) 

But, by the last theorem AC is less than AD+CD; that 
is. less than AD+ DB, and consequently less than AB. 


Secondly. Let us suppose the side AB to be greater than 
AC; then will the angle C be greater than the angle B. 

For if the angle C were equal to B, the triangle CAB 
would be isosceles, and the side AC would be equal to AB 
(Th vii), which would be contrary to the hypothesis. 

Ayain if the angle C were leas than B, then, by the first 
part of the thearem, the side AB would be less than AC, 
whieh is also contrary to the hypothesis Hence, since C 

3 
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cannot be equal to B, nor less than B, it follows that it must 
be greater 


THEOREM XIil. 


if a straight line intersect two parallel lines, the alternate angles 
will be equal. 


If two parallel straight lines, AB CD, 
are intersected by a third line GH, the 
angles AEF and EF'D are called alternate 
‘angles. It is required to prove that these 
angles are equal. 


If they are unequal one of them must be greater than the 
other. Suppose EF'D to be the greater angle. 

Now conceive FB to be drawn, making the angle EFB 
equal to the angle AEF, and meeting AZ in B. 

Then, in the triangle FEB the outward angle FEA is greater 
than either of the inward angles Bor EFB (Th. ix.); and- 
therefore, EF'B can never be equalto AE F'solongas FB meeis 
EB. 

But since we have supposed EF'D to be greater than AEF, 
it follows that EF'B could not be equal to AEF, if FB fell be- 
low FD. Therefore, if the angle EFB is equal to the angle 
AEF, FB cannot meet AB, nor fall below FD, and conse- 
quently must coincide with the parallel CD (Def. 30): and 
hence, the alternate angles AEF and EFD are equal. 


Cor. If a line be perpendicular to one 
of two parallel lines, it will alse be per- 
pendicular to the other 
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THEOREM XIII. 


Conversely,—If a line intersect two straight lines, making the 
alternate angles equal, those straight lines will be parallel, 


Let the line EF meet the lines AB, 
CD. making the angle AEF equal to the BY. 
angle EFD: then will the lines AB and 4 S B 
CD be parallel. Oe 

For, if they are not parallel, suppose 
through the point F the line FG to be drawn parallel to AB. 

Then, because of the parallels AB, FG, the alternate angles, 
AEF and EF'G will be equal (Th. xii). But, by hypothesis, 
the angle AEF is equal to EFD: hence, the angle EFD is 
equal to the angle EF'G (Ax. 1); that is, a part is equal to the 
whole, which is absurd (Ax. 8): therefore,no line but CD can 
be parallel to AB. 


Cor. If two lines are perpendicular tc 
the same line, they will be parallel to 


each other. 


THEOREM XIV. 


If a line cut two parallel lines, the outward angle ts equal to 
the inward opposite angle on the same side; ard the two inward’ 
angles, on the same side, are equal to two right angles. 

Let the line EF cut the two parallels 
AB CD: then will the outward angle 
EGB be equa: to the inward opposite an- ae 
gle EHD; and the two inward angles, per aay 
BGH and GHD, will be equal to two F 

- ight angles. 
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First. Since the lines AB, CD, are parallel, the angle AGH 
1s equal to the alternate angle GHD E 
(Th. xii); but the angle AGH is equal j —-p 
to the opposite angle EGB: hence, the ot 
angle EGB is equal to the angle EHD 
(Ax. 1). 

Secondly. Since the two adjacent angles EGB and RGH 
are equal to two right angles (Th. ii); and since the angle 


EGB has been proved equal to EHD, it follows that the sum 
of BGH plus GHD, is also equal to two right angles. 


Cor. 1. Conversely, if one straight line meets two other 
straight lines, making the angles on the same side. equal to 
each other, those lines will be parallei. 


Cor, 2. If a line intersect two other lines, making the sum 
of the two inward angles equal to two right angles, those two 
lines will be parallel. 

Cor. 3. If a line intersect two other lines, making the sum 
of the two inward angles less than two right angles, those 
hnes will not be parallel, but will meet if sufficiently produced. 


THEOREM XV. 


Ali straight lines dhsch are parallel to the same line, are parallel 
to each other. 
Let the lines AB and CD be each par- - 
allel to EF: then will they be parallel 
to each other. 


For. Jet the line GJ be drawn perpen- 
dicular to EF; then will it also be per- ——}—-- 
pendicular to the parallels AB. CD (Th. 
xii Cor.). 


ae 
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Then, since the lines AB and CD are perpendicular to the 
line GJ, they will be parallel to each other (‘T'h. xiii. Cor), 


THEOREM XVI. 


Tf cne side of a triangle be produced, the outward angle will be 
_ equal to the sum of the inward opposite angles. 

In the triangle ABC, let the side AB 
be produced to D: then will the outward 
angle CBD be equal to the sum of the in- 
ward opposite angles A and C. 


For, conceive the line BE to be drawn 
parallel to the side AC. Then, since BC meets the two pa- 
rallels AC, BE, the alternate angles ACB and CBE will be 
equal (Th. xii). 

And since the line AD cuts the two parallels BE and AC 
the angles EBD and CAB are equal to each other (Th. xiv) 
Therefore, the inward angles C and A, of the triangle ABC 
are equal to the angles CBE and EBD; and consequently 
the sum of the two angles, A and C, is equal to the outward 
angle CBD (Ax. 1). 

\ THEOREM XVII. 


In any ee, the sum of the three angles is equal to two right 


angles. 
let ABC be any triangle: then will 
the sum of the three angles Cc 
A+B-+ C=two right angles. Tee 
For, let the side AB be producedto D4 B 


Then, the outward angle 
CBD =A+C (Th. xvi). 
3° 
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To each of these equals add the angle 

CBA, and we shall have 
CBD+ CBA=A+C+B. 

But the sum of the two angles CBD 
and CBA, is equal to two right angles A 
(Th, ii): hence 

A+B-+C=two right angles (Ax. 1). 

Cor. 1. If two angles of one triangle be equal to two angles 

of another triangle, the third angles will also be equal (Ax. 3). 


Cor. 2. If one angle of one triangle be equal to one angle 
of another triangle, the sum of the two remaining angles in 
each triangle, will also be equal (Ax. 3). 


Cor, 3. If one angle of a triangle be a right angle, the sum 
of the other two angles will be equal to a right angle; and 
each angle singly, will be acute. 


Cor. 4. No triangle can have more than one right angle, nor 
more than one obtuse angle; otherwise, the sum of the three 
angles would exceed two right angles: hence, at least two 
angles of every triangle must be acute. 


a THEOREM XVIII. 
I. A perpendicular is the shortest line that can be drawn from 
a given point toa given line. 
Il. If any number of lines be drawn from the same point, those 


which are nearest the perpendiculur are less than those which are 
more remote. 


Let A be a given point, and DE a i 


straight line. Suppose AB to be drawn 
perpendicular to DE, and suppose the 
oblique lines AC and AD also to be D ¢ pee 
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drawn: Then, AB will be shorter than either of the oblique 
lines, and AC will be less than AD 

Furst. Since the angle B, in the triangle ACB, is a right 
angle, the angle C’ will be acute (Th. xvii. Cor. 3): and since 
the greater side of every triangle is opposite the greater angle 
(Th. xi), the side AC will be greater than AB. 

Stcondly. Since the angle ACB is acute, the adjacent angle 
ACD will be obtuse (Th. ii): consequently, the angle D is 
acute (Th. xvii. Cor. 8), and therefore less than the angle 
ACD, And since the greater side of every triangle is oppo- 
site the greater angle, it follows that AD is greater than AC. 

Cor. A perpendicular is the shortest distance from a pomt 
to a line. 


THEOREM XIX. 


If two right angled triangles have the hypothenuse and a sida 
of the one equal to the hypothenuse and a side of the other, the 
remaining parts will also be equal, each to each. 


Let the two right angled triangles A D 
ABC and DEF, have the hypothe- 
-nuse AC equal to DF, and the side 
AB equal to DE: then will the re- 
maining parts be equal, each to each. B 
For, if the side BC is equal to EF, the corresponding an- 
gles of the two triangles will be equal (Th. viii). If the sides 
are unequal, suppose BC to be the greater, and take a part, 
BG, equai to EF, and draw AG. 

Then, in the two triangles ABG and DEF, the angle B is 
equal to the angle £, the side AB to the side DE, and the side 
BG to the side EF’: hence, the two triangles are equal in al! 
respects (Th. iv) and consequently, the side AG is equal to 


GC E F 
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DF. Bu DF is equal to AC, by hypothesis; therefore, 
AG is equal to AC (Ax. 1). But this is impossible (Th. 
xviii); hence, the sides BC and HF cannot be uncqual ; con- 
sequently, the triangles are. equal (Th. viii). 


THEOREM XxX. 


The sum of the four angles of every quadrilateral is equal to four 


right angles. 


Let ACBD be a quadrilateral: then will 
A+B+C+D=four right angles. 
Let the diagonal DC be drawn dividing 4 B 
the quadrilateral AB, into two triangles, 

BDC, ADC. 

Then, because the sum of the three angles of each triangle 
is equal to two right angles (Th. xvii), it follows that the sum 
of the angles of both triangles is equal to four right angles. 
But the sum of the angles of both triangles, make up the angles 
of the quadrilateral. Hence, the sum of the four angles of the 
quadrilateral is equal to four right angles. 


D 


Cor. 1. If then three of the angles be right angles, the 
fourth angle will also be a right angle. 

Cor. 2. If the sum of two of the four angles be equal to two 
right angles, the sum of the remaining two will also be equal 
jo two right angles. 

Cor, 3. Since all the angles of a square or rectangle, are 
qual to each other (Def. 48), and their sum equal to four 
ight angles, it follows that each angle is equal to one right 
angle. 


x THEOREM XX. 
The sum of all the interior angles of any polygon is equal to 


troice as many right angles, wanting four, as the figure has 
sides . 
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Let ABCDE be any polygon: then will D 

the sum of its inward angles 

A+B+C+D+E E 0 
be equil to twice as many right angles, 
wanting four, as the figure has sides. 

For, from any point P, withinthe poly- —A B 
gon, draw the lines PA, PB, PC, PD, FE, to each cf the 
angles, dividing the polygon into as many tnangles as the 
figure has sides. 

Now, the sum of the three angles of each of these triangles 
is equal tu two right angles (Th. xvii): hence, the sum of the 
angles of all the triangles is equal to twice as many right an- 
gles as the figure has sides. 

But the sum of all the angles about the point P is equal to 
four right angles (Th. ii. Cor. 4) ;. and since this sum makes 
no part of the inward angles of the polygon, it must be sub- 
tracted from the sum of all the angles of the triangles, before 
found. Hence, the sum of the interior angles of the polygon 
is equal to twice as many right angles, wanting four, as the figure 
has sides. 


Sch. This proposition is not applicable 
to polygons which have re-entrant angles. 


The reasoning is limited to polygons 
with salient angles, which may properly 
be named convex polygons. 


IK THEOREM XXII. 


If every side of a polygon be produced out, the sum of all the out 
ward angles thereby formed, will be equal to four right angles. 
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Let A, B, C, D, and E, be the outward 
angles of a polygon formed by producing 
all the sides. Then will 


A+B+C+D+£E=four right angles. 


For, each interior angle, plus its exte- 
rior angle, as A-+a, is equal to two right 
angles (Th. ii). But there are as many exterior as interior 
angles, and as many of each as there are sides of the polygon: 
hence, the sum of all the interior and exterior angles will be 
equal: to twice as many right angles as the polygon has sides. 

But the sum of all the interior angles together with four right 
angles, is equal to twice as many right angles as the polygon 
has sides (Th. xxi): that is, equal to the sum of all the in- 
ward and outward angles taken together. | 

From each of these equal sums take away the inward angles, 
and there will remain, the outward angles equal to four right 
angles (Ax. 3). . 


THEOREM XXIII. 


The opposite sides and angles of every paraiiclogram are equal, 
each to each: and a diagonal divides the parallelogram into two 
equal triangles. 


Let ABCD be any parallelogram, and 
DB a diagonal: then will the opposite eo c= 
sides and angles be equal to each other, 
each to each, and the diagonal DB will 
divide the parallelogram into two equal 4 D 
triangles. 

For, since the figure is a parallelogram, the sides AB, DC 
are parallel, as alsu the sides AD, BC. Now, since the 
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parallels are cut by the diagonal DB, the alternate angles will 
be equal (Th. xii): that is the angle 


ADB=DBC and BDC=ABD. a2 @ 


Hence the two triangles ADB BDC, having two angles in 
the one equal to two angles in the other, will have their third 
angles equal (Th. xvii. Cor. 1), viz. the angle A equal to the 
angle C, and these are two of the opposite angles of tho 
parallelogram. 

Also, if to the equal angles ADB, DBC, we add the equals 
BDC, ABD, the sums will be equal (Ax. 2): viz. the whole 
angle ADC to the whole angle ABC, and these are the other 
two opposite angles of the parallelogram. 

Again, since the two triangles ADB, DBC, have the side 
DB common, and the two adjacent angles in the one equal to 
the two adjacent angles in the other, each to each, the two 
triangles will be equal (‘Th. v): hence, the diagonal divides 
the parallelogram into two equal triangles. 


Cor. 1. If one angle of a parallelogram be a right angle, 
each of the angles will also be a right angle, and the parallelo- 
yram will be a rectangle. 


Cor. 2. Hence, also, the sum of either two adjacent angles 
of a parallelogram, will be equal to two right angles. 


Kj 
a 


THEOREM XXIV. 77 

If the opposite sides of a quadrilateral, are equal, each to each, 

the equal sides will be parallel, and the figure will be a pa- 
_ rallelogram. — 
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Let ABCD be a quadnilateral, having . a 


its opposite sides respectively equal, viz. : 
e AB=CD and A) —— pe 


then will these sides be parallel, and the 4 B 
figure wiil be a parallelogram. 

For, draw the diagonal BD. Then, the two triangles ABD 
BDC, have all the sides of the one equal to all the sides of 
the other, each to each: therefore, the two triangles are equai 
(Th. viii); hence, the angle ADB, opposite the side AB, is 
equal to the angle DBC opposite the side DC; therefore, the 
sides AD, BC, are parallel (Th. xiii). For a like reason DC 
is parallel to AB, and the figure ABCD is a parallelogram. 


x THEOREM XXV. 


If two opposite sides of a quadrilateral are equal and parallel, 
the remaining sides will also be equal and parallel, and the figure 
wiil be a parallelogram. 


Let ABCD be a quadrilateral, having D C 
the sides AB, CD, equal and parallel: — 
then will the figure be a parallelogram. 

For, draw the diagonal DB, dividing i % 
the quadrilateral into two triangles. Then, | 
since AB is parallel to DC, the alternate angles, ABD and 
BDC are equal (Th. xii): moreover, the side BD is common; 
hence the two triangles have two sides and the included angle 
of the one, equal to two sides and the included angle of the 
other: the triangles are therefore equal, and consequently 
AD is equal to BC, and the angle ADB to the angle DBC 
and consequently, AD is also parallel to BC (Th xiii) 
Therefore, the figure ABCD is a parallelogram. 
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THEOREM XXVI. 


The two diagonals of a parallelogram divide each other into equa 
_ parts, or mutually bisect each other. 


Let ABCD be a parallelogram, and 
AC, BD its two diagonals intersecting at 
E. Then will 


AE=EC and Di Rew v8 S 


Comparing the two triangles AED and 
BEC, we find the side AD=BC (Th. xxiii), the angle 
ADE=EBC and EAD=ECB: hence, the two triangles are 
equal (Th. v): therefore, AE, the side opposite ADE, is 
equal to EC, the side opposite EBC; and ED is equal to EB” 


A B 


Sch. In the case of a rhombus (Def. 48), D c 
the sides AB, BC being equal, the trian- 
gles AEB and BEC have all the sides of 

.the one equal to the corresponding sides 
of the other, and are therefore equal.A B 
Whence it follows that the angles AEB 
and BEC are equal. Therefore, the diagonals of a rhombus 


bisect each other at right angles. 
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1, Tie circumference of a circle is a curve line, all the 
points of which are equally distant from a certain point within 
called the centre. 


2. The vircle is the space bounded by this curve line. 


3. Every straightline, CA, CD, CE, drawn E 
from the centre to the circumference, is D 
called a radius or semidiameter. Every * 2 
line which, like AB, passes through the Cc 


centre and terminates in the circumfe- 
rence, is called a diameter. 


4. Any portion of the circumference, 


as EFG, is called an are. ca 
5. A straight line, as EG, joining the G 
extremities of an arc, is called a chord. 
6 A segment is the surface or portion 


of a circle included between an arc and 
its chord. Thus EFG is a segment. 


Definitions. 


7. A sector is the part of the circle in- A ere 


cluded be:ween an are and the two radii 
diawn through its extremities. Thus, C 


CAB isa sector 


8. A straight line is said to be in- 
scribed in a circle, when its extremities 
are in the circumference. ‘Thus, the 
line AB is inscribed in a circle. 


9. An inscribed angle is one which 
is formed by two chords that intersect 
each other in the circumference. ‘Thus, 
BAC is an inscribed angle. 


10. An inscribed triangle is one 
which has its three angular points in 
the circumference. ‘Thus, ABC is an 


inscribed triangle. 


11. Ary polygon is said to be in- 
scribed in a circle when the vertices of 
all the anyles are in the circumference. 
The circle is then said to circumscribe 
the polygon. 
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Definitions. 


12 A secant is a line which meets the 
circumference in two points, and lies 
partly within and partly without the 
circle. Thus AB is a secant. B 


13. A tangent is a line which has 
but one point in common with the cir- 


cumference. Thus, CAB is a tangent. 


14. Two circles are said to touch 
each other internally, when one lies 
within the other, and their circumfe- 


rences have but one point in common. <a 


15. Two circles are said to touch 
each other externally, when one lies 
without the other, and their circumfe- 
rences have but one point in common 
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THEOREM I. 


Every chord is less than a diameter. 


Let AD be any chord. Draw 
the radii CA, CD to its extremities. 
We shall then have, AD less than 
AC+CD (Book I. Th. x*). But 4 
AC+CD is equal to the diameter 
AB: hence, the chord AD is less than 
the diameter. 

yy 


\ 


x ‘“\. THEOREM It. 


If from the centre of a circle a line be drawn tu the middle of 
a chord, 


I. [t will be perpendicular to the chord ; 
I]. And it will biseet the arc of the chord. 


Let C be the centre of a circle, and 
AB any chord. Draw CD through 
D, the middle point of the chord, and 
produce it to ZL: then will CD be 
perpendicular to the chord, and the 
arc AF equal to EB. 


er 
First. Draw the two radii CA, CB, 


Then the two triangles ACD, DCB, E 
have the three sides of the one equal to the three sides of the 


*Note. When reference is made from one theorem jo another, in the 
same Book, the number of the theorem referred to is alone given: but 
when the theorem referred to is found in a preceding Book, the number of 


the Book is also given. 
4* 
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other, each to each: viz. AC equal to 
CB, being radii, AD equal to DB, by 
hypothesis, and CD common: hence, 
tle corresponding angles are equal 
(Book l. Th viii): that is, the angle 
CDA equal to CDB, and the angle A 
ACD equal to the angle DCB. 
But, since the angle CDA is equal E 
to the angle CDB, the radius CE is perpendicular to the 
chord AB (Bk. I. Def. 20). 


Secondly. Since the angle ACE is equal to BCE, the 
arc AE will be equal to the arc EB, for equal angles must 
have equal measures (Bk. I. Def. 29). 

Hence, the radius drawn through the middle point of a chord, 
is perpendicular to the chord, and bisects the arc of the chord. 


Cor. Hence, a line which bisects a chord at right angles, 
bisects the arc of the chord, and passes through the centre of 
the circle. Also, a line drawn through the centre of the cir- 
cle and perpendicular to the chord, bisects it. 

THEOREM It. 
If more than two equal lines can be drawn from any point within 
a circle to the circumference, that point will be the centre. 


Let D be any point within the circle 
ALC, Then, if the three lines DA, 
DB, aud DC, drawn from the point D 
to the circumference, are equal, the 


point D will be the centre. A C 
For, draw the chords AB, BC, bi- _ 


sect them at the points & and F', and 
join DE and DF. 
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Then, since the two triangles DAE and DEB have the side 
AE equal to EB, AD equal to DB, and DE common, they 
will be equal in all respects; and consequently, the angle 
DEA is equal to the angle DEB (Bk. I. Th. viii); and 
therefore, DE is perpendicular to AB (Bk. I. Def. 20) But 
if DE bisects AB at right angles, it will pass through the 
centre of the circle (Th. ii. Cor). 


In like manner, it may be shown that DF passes through 
the centre of the circle, and since the centre is found in the 
two lines ED, DF, it will be found at their common inter- 
section D. 


THEOREM IV. 


Any chords which are equally distant from the centre of a circle, 


are equal. 


I.et AB and ED be two chords equally 
distant from the centre C': then will the 
two chords AB, ED be equal to each 
other. 

Draw CF perpendicular to AB, and 
CG perpendicular to ED, and since these 
perpendiculars measure the distances from 
the centre, they will be cqual. Also draw 
CB and CE. — 

Then, the two right angled triangles CFB and CEG hav 
ing the hypothenuse CB equal to the hypothenuse CE. and 
the side CF equal to CG, will have the third side BF’ equal to 
EG (Bk. 1 Th. xix) But, BF is the half of BA and LG 
the half of DE (Th. ii. Cor); bence BA is equal to DE 
(Ax 6). 


ig 


a 
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THEOREM V. 


A line which is perpendicular to a radius at its extremity, vs 


tangent to the circle. 


Let the line ABD be perpendicular 
to the radius CB at the extremity B: A B D 
then will it be tangent to the circle at ce 
‘the point B. 

For, from any other point of the 
line, as D, draw DFC to the centre, 
cutting the circumference in F’. 

Then, because the angle B, of the 
triangle CDB, is a right angle, the angle at D is acute (Bk. I. 
Th. xvii. Cor. 3), and consequently less than the angle B. 
But the greater side of every triangle is opposite to the greater 
angle (Bk. I. Th. xi); therefore, the side CD is greater than 
CB, or its equal CF. Hence, the point D is without the cir- 
cle, and the same may be shown for every other poim of the 
line AD. Consequently, the line ABD has but one point in 
common with the circumference of the circle, and therefore 
is tangent to it at the point B (Def. 13) 


Cor. Hence, if a line is tangent to a circle, and a radius be 
drawn through the point of contact, the radius will be perpen 
dicular to the tangent. 


THEOREM VI. 


If the distance between the centres of two circles is equal to 


the sum of their radit. the two circles will touch each other 
externally. 
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f.et C and D be the two centres, and 
suppose the distance between them to 
be equal to the sum of the radii, that is, 
to CA+ AD 

The circumferences of the circles 


will evidently have the point A common, and they will have no 
other. Because, if they had two points common, that, is if they 
cut each other in two points, G and H, the distance CD be- 
tween their centres would be less than the sum of their radii 
CH, HD (Bk. I. Th. x); but this would be contrary to the 
supposition. - 

—S} 

//~ THEOREM VII. 

If the distance between the centres of two circles is equal to 

the difference of ther radi, the two circles will touch each other 
internally. 


Let C and D be the centres of two 
circles at a distance from each other 
equal to AD—AC=CD. Fy 

Now, it is evident, as in the last theo- } 
rem, that the circumferences will have the 
point A common; and they can have no 
other. For, if they had two points common, the difference be- 
tween the radii AD and FC would not be equal to CD, the 
distance between their centres: therefore, they cannot have 
two points in common when the difference of their radii is 
equal to the distance between their centres: hence, they are 
tangent to each other. 


Sch If two circles touch each other, either externally or 
internally, their centres and the point of contact will be in the 
same straight line ~ 
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THEOREM VIII. 


An angle at the circumference of a circle is measured by haif the 
arc that subtends it 


Let BAD be an inscribed angle: then 
will it be measured by half the are BLD, 
which subtends it. 


For, through the centre C draw the 
diameter ACE, and draw the radii BC, 
CD. 


Then, in the triangle ABC, the exte- 
rior angle BCE is equal to the sum of 
the interior angles B and A (Bk. I. Th. xvi). But since the 
triangle BAC is isosceles, the angles A and B are equal 
(Bk. I. Th. vi); therefore, the exterior angle BCE is equal 
to double the angle BAC. 


But, the angle BCE is measured by the arc BE, which 
subtends it; and consequently, the angle BALE, which is half 
of BCE, is measured by half the arc BE. 


{t may be shown, in like manner, that the angle EAD is 
measured by half the are ED: and hence, by the addition of 
equals, it would follow that, the angle BAD is measured by 
half the are BED, which subtends it. 


Cor. 1. Hence, if an angle at the centre, and an angle at the 
circumference, both stand on the same arc, the angle at the 
centre will be double the angle at the circumference. 


Cor. 2. If two angles at the circumference stand on equal 
arcs they will be equal to each other. 
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THEOREM IX. 


All angles at the circumference, which stand upon the same are 


are equal to each other. 


Let the angles BAC, BDC, BFC, have D 
heir vertices in the circumference, and F 
etand on the same are BEC: then will 4 
they be equal to each other. 

For, each angle is measured by half p C 
the arc BEC (Th. viii); hence, the an- 
gles are all equal. E 


THEOREM X. 
An angle in a semicircle, is a right angle. 


Let ABBC be a semicircle: then will 


B 

every angle, as B, B, inscribed in it, be Te 

a right angle. i; 

For, each angle is measured by half 4 C 

the semicircumference ADC, that is, by a er gy 
D 


quadiant, which measures a right angle 


(Bk I. Th. i. Cor. 2). 


THEOREM XI. e 


If a quadrilateral be inscribed in a circle, the sum of either tec 


of its opposite angles is equal to two right angles. 


Let ABCD be any quadrilateral in- B 
scribed in a circle; then will the sum of 
the two opposite angles, A and C, or B , 
and D, be equal to two right angles. 
For, the angle A is measured by half ee 
the are DCB, which subtends it (Th. viii); 
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and the angle C is measured by half the B 
arc DAB, which subtends it. Hence, 

the sum of the two angles, A and Cis , 

measured by half the entire circumference. 

But half the entire circumference is the 7} 2 
measure of two right angles; therefore, 

the sum of the opposite angles A and C is equal to two right 


angles. 


In like manner, it may be shown, that the sum of the 
two angles B and D is equal to two right angles 


THEOREM XII. 


If the side of a quadrilateral, inscribed in a circle, be pro- 
duced out, the exterior angle will be equal to the inward opposite 


angle 


Let the side BA, of the quadrilateral Cc 
ABCD be produced to £, then will the 
outward angle DAE be equal to the in- 
ward opposite angle C. 

For, the angle DAB plus the angle C, * 
is equal to two right angles (Th. xi). But 
DAB plus DA EF is also equal to two right angles (Bk. I. Th. ii). 
Taking trom each the common angle DAB, and we shall have 
the angle DAE equal to the interior opposite angle C. 


A B 


THEOREM XIII. 


Two parallel chords intercept equal arcs. 


Of i Circle. 


Let the chords AB and CD be parallel: 
then will the ares AC and BD be equal. 


For, draw the line AD. Then, because 
the lines AB and CD are parallel, the 
altemate angles ADC and DAB will be 
equal (Bk. I. Th. xii). But the angle 
ADC is measured by half the are AC, 
and the angle DAB by half the are BD (Th. viii): hence 
the two arcs AC and BD are themselves equal. 


sid Ff THEOREM XIV. 


The angle formed by a tangent and a chord, is measured by half 
the arc of the chord. 


Let BAE be tangent to the circle at the 
point A, and AC any chord. 


From A, the point of contact, draw the 
diameter AD. 


Then, the angle BAD will be a right 
angle (Th. v. Cor), and therefore will be 
measured by half the semicircle AMD B A E 
(Bk. I, Th. i. Cor. 2). 

But the angle DAC being at the circumference, is measured 
by half the are DC : hence, by the addition of equals, the two 
angles BAD and DAC, or the entire angle BAC will be meas- 
ured by half the are AMDC. 


It may be shown, by taking the difference between the two 
angles DAE and DAC, that the angle CAE is measured y 


half the arc AC inciuded between its sides. 
5 
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THEOREM XV. 


If a tungent and a chord are parallel to cach other, they will 


intercept equal arcs. 


Let the tangent ABC be parallel to the 
chord DF’; then will the intercepted arcs 
DB, BF, be equal to each other. 

For, draw the chord DB. ‘Then, since 
AC and DF are parallel, the angle ABD 
will be equal to the angle BDF. But 
ABD being formed by a tangent and a 
chord, will be measured by half the are 
DB; and BDF being an angle at the circumference will be 
measured by half the are BF (Th. viii). But since the angles 
are equal, the arcs will be equal: hence DB is equal to BF. 


THEOREM Xvi. 


The angle forme within a circle by the intersection of twe 
chords, is measured by half the sum of the intercepted arcs. 


Let the two chords AB and CD inter- 
sect each other at the point EZ: then will 
the angle AEC, or its equal DEB, be 
measured by half the sum of the inter- 
cepted arcs AC, DB. 

For, draw the chord AF parallel to 
CD. 'Then because of the parallels, the 
angle DEB will be equal to the angle FAB (Bk I. Th. xiv), 

nd the are FD tothe arc AC. But the angle FAB is meas- 
ured by half the are F'DB, that is, by half the sum of the arcs 
FD, DB. Now, since FD is equal to AC, it follows that the 
angle DEB, or its equal AEC, will be measured by half the : 
sum of the arzs DB and AC ive 
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THEOREM XVII. 


The angle formed without a circle by the intersection of 
_two secagts 1s. measured by half the difference of the intercepted 
ares 


Let the two secants DE and EB inter- E 
sect each other at EZ: then will the angle 
DEB be measured by half the intercepted 
ares CA and DB. 

Draw the chord AF parallel to ED. D 
Then, because AF and ED are parallel, \, 
and EB cuts them, the angles FAB and F 

and DEB are equal (Bk. I. Th. xiv). 

But the angle FAB. at the circumference, is measured by 
half the arc FB (Th. viii), which is the difference of the arcs 
DFB and CA: hence, the equal angle E is also measured by 
half the difference of the intercepted arcs DFB and CA 


' THEOREM XVIII. 


An angle formed by two tangents is measured by half the 
difference of the intercepted arcs. 


Let CD and DA be two tangents to 
the circle at the points C and A: then 
will the angle CDA be measured by half 
the difference of the intercepted ares CEA 
end CFA. 

For, draw the chord AF parallel to the 
angent CD. ‘Then, because the lines 
CD wd AF are parallel, the angle BAF 
will be equal to the angle BDC (Bk. 1. Th. xiv). But the 
angle BAF, formed by a tangent and a chord, is measured by 
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half the arc AF, that is, by half the 
difference of CFA and CF. 

But since the tangent DC and the 
chord AF are parallel, the arc CF is 
equal to the arc CA: hence the angle 
BAF, or its equal BDC, which is meas-, 
ured by half the difference of CFA and 
CF, is also measured by half the differ- 
ence of the intercepted arcs CF'A and CA. 


Cer. In like manner it may be proved 
that the angle E, formed by a tangent and 


secant, is measured by half the difference )) 
of the intercepted arcs AC and DBA. 


THEOREM XIX. 


The aie of an are of sixty degrees is equal to the radws of 
the circle. 

Let AEB be an arc of sixty degrees 
and AB its chord: then will AZ be equal 
to the radius of the circle. 

For, draw the radii CB and CA. 
Then, since the angle ACB is at the 
centre, it will be measured by the arc 
AEB: that is, it will be equal to sixty 
degrees (Bk. I. Def. 29). 

Again, since the sum of the three angles of a triangle is 
equal to one hundred and eighty degrees (Bk. I. Th. xvii), it 
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follows that the sum of the two angles A and B will be equal 
to one hundred and twenty degrees. But the triangle CAB 
is isosceles: hence, the angles at the base are equal (Bk. f. 
Th. vi): herce, each angle is equal to sixty degrees, and 
consequently, the side AB is equal to AC or CB(Bk. I. Th vi). 


Af 
yy PROBLEMS 


RELATING TO THE FIRST AND SECOND BOOKS. 


Tue Problems of Geometry explain the methods of con- 
structing or describing the geometrical figures. 

For these constructions, a straight ruler and the common 
compasses or dividers, are all the instruments that are ab- 


solutely necessary. 
DIVIDERS OR COMPASSES. 


The dividers consist of the two legs 5a, be, which turn 


easily about a'common joint at b. The legs of the dividers 


5§* 
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are extended or brought together by placing the forefinger on 
the joint at b, and pressing the thumb and fingers against the 
legs. 


PROBLEM 1. 


On any line, as CD, to lay off a distance equal to AB, 


Take up the dividers with the 
thumb and second finger, and place 
the forefinger on the joint at 6. A B 
Then, set one foot of the dividers 
st-A and extend theslegsiwith sth gee 
thumb and fingers, until the other 
foot reaches B. 
Then, raise the dividers, place one foot at C, and mark 
with the other the distance CE: and this distance wil! evi- 
dently be equal to AB. 


PROBLEM II. 


To describe from a given centre the circumference of a circle 
having a given radius. 


Let C be the given centre, and 
CB the given radius. 9 


Place une foot of the dividers at 
C and extend the other leg until it 
reaches to B. Then, turn the di- 
viders around the leg at C, and the 
other leg will describe the required 
circumference. 
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OF THE RULER. 


A ruler of a convenient size, is about twenty inches in 
length, two inches wide, and one fifth of an inch in thickness. 
It should be made of a hard material, and perfectly straight 
and smooth. 


_ PROBLEM III. 
To draw a straight line through two given points A and B. 


Place one edge of the ruler on 
A and slide the ruler around until 
the same edge fallson B. Then, / ae B 
with a pen, or pencil, draw the PSS oo Se 
line AB. 


PROBLEM IV. 
To bisect a given line: that is, to dwide it into two equal parts. 


Let AB be the given line to be 
divided. With A as acentre, and 
radius greater than half of AB, 
describe an arc /FE. Then, with 
B as a centre, and an equal radius 
BI describe the are JHE. Join 
the points J and £ by the line JE: 
the point D, where it intersects 
AB, will be the middle point of the 
line AB. 
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For, draw the radii AJ, A# 
Bi, and BE. ‘Then, since these 
radii are equal, the triangles ATE 
and BIE have all the sides of the 
ene equal tothe corresponding sides 
of the other ; hence, their corres- 
ponding angles are equal (Bk. I. ee 
Th. viii); that is, the angle AJE is equal to the ane BIL 
Therefore, the two triangles AJD and BID, have the side 
AI=IB, the angle AJD=BID, and ID common: hence 
they are equal (Bk. I. Th. iv), and AD is equal to DB. 


PROBLEM V. 
To bisect a given angle or a given arc. 


‘Let ACB be the given angle, 
and AFB the given arc. 

From the points A and B, as 
centres, describe with the same 
radius two arcs cutting each other 
inD. Through D and the centre 
C, draw CED, and it will divide 
the angle ACB into two equal parts, and also bisect the arc 
AEB at £. 

For, draw the radii AD and BD. Then, in the two triangles 
ACD, CBD, we have : 

AC=CB, AD=BD 
and CD common: hence, tlie two triangles have their corres- 
ponding angles equal (Bk I. Th. viii), and consequently, ACD 
is equalto BCD. But since ACD is equal to BCD, it fol 


lows that the are AE, which measures the former, is equal to 
the are BE, which measures the latter 
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PROBLEM VI. 


Ata given point in a straight line tc erect a perpendicular to the 


line. 


I.et A be the given point, and BC 
the given line. Aes pace 

From A lay off any two distances, IN 
AB and AC, equal to each other ie % 
Then, from the points B and C, as 
centres, with a radius greater than Z cs c 
AB, describe two arcs intersecting each other at D; draw 
DA, and it will be the perpendicular required. 

For, draw the equal radii BD, DC. Then, the two trian- 
gles, BDA, and CDA, will have 


AB=AC BD=DC 
and AD common: hence, the angle DAB is equal to the angle 
DAC (Bk. I. Th. viii), and consequently, DA is perpendicu- 
lar to BC. (Bk. I Def. 21). 


SECOND METHOD. 
When the point A is near the extremity of the line. 


Assume any centre, as P, out of 
the given line. Then with Pasa 
centre, and radius from P to A, de- 


Through C, where the circumference 

cuts BA,draw CPD. Then, through 

D, where CP produced meets the BONA 
circumference, draw DA: then will 

DA be perpendicular to BA, since CAD is an angle in a 
semicircle (Bk. II. Th. x). 


scribe the circumference of a circle ( Pp. 
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PROBLEM VII. 


From a given point without a straight line to let fall a perpen- 
dicular on the line. 


Let A be the given pomt, and BD 
the given line 

From the point A as a centre, with 

a radius greater than the shortest 

distance to BD, describe an are cut- 

ting BD in the points B and D. WS 

Then, with B and D as centres, and ee 


the same radius, describe two arcs intersecting each other at 


E. Draw AFE, and it will be the perpendicular required. 
For, draw the equal radii AB, AD, BE and DE. Then, 
the two triangles EAB and LAD will have the sides of the 
one equal to the sides of the other, each to each; hence, their 
corresponding angles will be equal (Bk. I. Th. viii), viz. the 
angle BAE to the angle DAE. Hence, the two triangles 
BAF and DAF will have two sides and the included angle of 
the one, equal to two sides and the included angle of the other, 
and therefore, the angle AFB will be equal to the angle 
AFD (Bk. I. Th. iv): hence, AFE will be perpendicular 
to BD. 
SECOND METHOD. 
When the given point A is nearly 
opposite the extremity of the line. A 
Draw AC, to any point C of the 
line BD. Bisect AC at P. Then, P. 
with Pasa centre and PC asa ra- 
dius, describe the semicircle CDA; y— 
draw AD, and it will be perpendicular 
1o CD, since CDA is an angle in a semicircle (Bk. II. Th. x). 


by 
Q 
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PROBLEM VIII. 
. . - ° . . 
At a given point in a given line, to make an angle equal toa 
: given angle. 
_ Let A be the given point, AZ 
the given line, and 7KL the given 
angle. 


From the vertex K, as a centre, 
with any radius, describe the are JZ, terminating in the two 
sides of the angle: and draw the chord JL. 

From the point A, asa centre, with a distance AF, equal 
to KJ, describe the arc DE; then with EZ, as a centre, and a 
radius equal to the chord JL, describe an are cutting DE at 
D; draw AD, and the angle EAD will be equal to the 
angle K. 

For, craw the chord DE. Then the two triangles KL 
and LAD, having the three sides of the one equal to the three 
sides of the other, each to each, the angle EAD will be equal 
to the angle K (Bk. I. Th. viii). 


PROBLEM IX. 


Through a gwen point to draw a line that shall be parallel to a 
given line. 


Let A be the given point and 


, B E C 
BC the given line. 
With A as a centre, and any ra- ‘ 7 


dius greater than the shortest dis- 

tance from A to BC, describe the indefinite arc DE. Fron 
the point E, as a centre, with the same radius, describe the 
arc AF: then, make ED equa to AF and draw AD, and it 
will be the required parallel. 
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For, since the arcs AF and ED 
are equal, the, angles EAD and 
AEF, which they measure, are 
equal: hence, the line AD. is 
parallel to BC (Bk 1. Th xiii). 


PROBLEM X. 


Two angles of a triangle being given or known, to find the third. 


Draw the indefinite line 


C H 
DEF. 
At any point, as E, make 
F 


the angle DEC equal to one E 

of the given angles, and then CEH equal to a second, by 
Prob. VIII; then will the angle HEF be equal to the third 
angle of the triangle. . 

For, the sum of the three angles of a triangle is equal to 
two right angles (Bk. I. Th. xvii); and the sum of the three 
angles on the same side of the line DE is equal to two right 
angles (Bk. I. Th. ii. Cor. 2); hence, if DEC and CEH are 
equal to two of the angles, the angle HEF will be equal to the 
remaining angle of the triangle 


PROBLEM XI. 


Three sides of a triangle being given, to describe the triangle. 
Let A, B, and C, be the given 


sides. | : E 
Draw DE, and make it equal to F Be 
E 


the side A. From the point D, as 
a centre, with a radius equal tothe § 4-——————— 


second side B, describe an arc: One ae 
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from £ as a centre, with the third side C, describe another are 
intersecting the former in F: draw DF and FE: then will 
DEF be the required triangle. 


For, the three sides are respectively equal to the three lines 
dA, B, and C. 


PROBLEM XIl. 


The adjacent sides of a parallelogram, witn the angle whach they 
contain, being given, to describe the parallelogram 


Let A and B be the given sides 
and C the given angle. 


Draw the line DH and makeit yy 
equal to A. Atthepoint make 4*——————4 bes 
the angle Z'DF equal to the angle i a 
C. Make the side DF equal to B. Then describe two arcs, 
one from /’ as a centre, with a radius /’@ equal to DZ, the 
other from #, as a centre, with a radius HG equal to DF. 
Through the point G, the point of intersection, draw the lines 
HG and FG, and DEG will be the required parallelogram. 
For, in the quadrilateral DF'GE, the opposite sides DE 
and FG are each equal to A: the opposite sides DF and 
EG are each equal to B, and the angle EDF is equal 
io C. But, since the opposite sides are equal, they are 
also parallel (Bk. 1 Th. xxiv), and therefore the figure is a 


Fi —t 
/ 
/ 


parallelogram 


PROBLEM XIII. 


To describe a squaré on a gtwen line, 
6 
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Let AB be the given line. 

At the point B draw BC perpendicu- 
lar to AB, by Problem VI, and then 
make it equal to AB. 

Then, with A as a centre, and ra- 
dius equal to AB, describe an arc; and 


with C asa centre, and the same 
radius AB, describe another arc; and through D, their point 
of intersection, draw AD and CD: then will ABCD be the 
required square. 


For, since the opposite sides are equal, the figure will be a 
parallelogram (Bk. L. ‘Th. xxiv): and since one of the angles 
is a right angle, the others will also be right angles (Bk. 1. 
Th. xxiii. Cor. 1); and since the sides are all equal, the figure 
will be a square. 


* 


PROBLEM XIV. 


To construct a rhombus, having given the length of one of the 
equal sides, and one of the angles. 


Let AB be equal to the given side, 
and E the given angle. 

At B lay off an angle, ABC, equal 
to E, by Prob. VIII. and make BC 
equal to AB. ‘Then, with A and C 
as centres, and a radius equal to AB, 


describe two arcs. Through D, their point of intersection, 
draw the lines AD, CD: then will ABCD be the required 
thombus. , 

For, since the opposite sides are equal, they will be parallel 
(Bk. 1. Th. xxiv). But they are each equal to AB, and the 


BOOK II 63 


Proble ms. 


angle B is equal to the angle EL: hence, ABCD is the re- 
quired rhombus. 


PROBLEM XV. 
To find the centre of a circle 


Draw any chord, as AB, and bisect it 
by Problem 1V. Then, through F, the 
middle point, draw DCE, perpendicular 
to AB, by Problem Vl. Then DCE 
will be a diameter of the circle (Bk. Il. 4 
Th. ii. Cor.). Then bisect DE at C, 
and C will be the centre of the circle. 


yO 


PROBLEM XVI. 


To describe the circumference of u circle through three given 
points not in the same straight line, 


Let A, B, C, be the given points. 

Join these points by the straight 
lines AC AB, BC. 

Then, bisect any two of these 
straight lines, as AB, BC, by the ’ 
perpendiculars OD, OP (Prob. iv); 
and the point O, where these per- 
pendiculars intersect each other, 
will be the centre of the circle. 

Then with O as a centre, and a radius equal to OA, de- 
scribe the circumference of a circle, and it will pass through 
the poiuts A, B, and C. Se 

For, the two right angled triangles OAP and OBP have the 
side AP equal to the side BP, OP common, and the included 
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angles OPA and OPB equal, being 
right angles; hence, the side OB is 


equal to OA (Bk. I. Th. iv). 


In like manner it may be shown 
that OC is equal to OB. Hence,a 
circumference described with the 
radius OA, will pass through the 
points B and C. 


Sch, This problem enables us to describe the circumference 
of a circle about a given triangle. For, we may consider the 
vertices of the three angles as the three points through which 
the circumference is to pass. 


PROBLEM XVII. 


Through a given point in the circumference of a circle, to draw 
a tangent line to the circle, 


Let A be the given point “Ee 
Through .A, draw the radius AC to the 

centre, and then draw DAE perpendicu- 

lar to AC, by Problem VI. Then will 


DAE be tangent to the circle at the point 
A (Bk. II. Th. vy). 


PROBLEM XVIII. 


Through a given point without the circumference, to draw a 


tangent line to the circle. 
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I —————— 


Let C be the centre of the circle, and 
A the given point without the circle. 

Join A and the centre C, and on AC, 
as a diameter, describe a circumference. 
Through the points B and D where : 
the two circumferences intersect each i 
other, draw the lines AB and AD: 4 
these lines will be tangent to the circle 
whose centre is C. 

For, since the angles ABC and 
ADC are each inscribed in a semicircle, they will be right 
angles (Bk. II. Th. x). Again, since the lines AB, AD. 
are each perpendicular to a radius at its extremity, they will 
be tangent to the circle (Bk. II. Th. v). 


PROBLEM XIX 
To inscribe a circle in a given triangle. 


Let ABC be the given tri- B 
angle. ~ 

Bisect the angles A and B 
by the lines AO and BO, meet- 
ing at the point O. From O, 
let fall the perpendiculars OD, zi 
OE, OF, on the three sides of 
the triangle—these perpendiculars will be equal to each other. 

For, in the two right angled triangles DAO and FAO, we 
have the right angle D equal the right angle F, the angle FAO 
equal to DAO, and consequently, the third angles AOD and 
AOF are equal (Bk. I. Th xvii. Cor i} But the two 
triangles have a common side AO, hence, they are eqnal 
(BEI -Th. y), and consequently, OD is equal to OF 

6 
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Ina similar manner, it may B 
be proved that OF and OD are 
equal: hence, the three per- 
pendiculars, OD, OF, and OL, 
are al] equal. 2 

Now, if with O as a centre, f— ¥F 


and OF as aradius, we descrite 
the circumference of a circle, it will pass through the points 
D and E, and since the sides of the triangle are perpendicular 
to the radii OF, OD, OE, they will be tangent to the circum- 
ference (Rk. Il. Th. v). Hence; the circle will be inscribed 
in the triangle. : 


PROBLEM XxX. 


To inscribe an equilateral triangle mm a circle. 


Through the centre C draw any diam- 
eter,as ACB. From B asa centre, with 
a radius equal to BC, describe the arc 
DCE. ‘Then, draw AD, AE, and DE, 
and DAE will be the required triangle. 

For, since the chords BD, BE, are 
each equal to the radius CB, the arcs BD, BE, are each equal 
to sixty degrees (Rk. IT. Th. xrx), and the are DBE 1o one 
hundred and twenty degrees; hence, the angle DAE is equal 
to sixty degrees (Bk. II. Th. viii). 


Again, since the are BD is equal to sixty degrees, and the 
arc BDA equal to one hundred and eighty degrees, it follows 
that DA will be equal to one hundred and twenty degrees: 
hence, the angle DEA is equal to sixty degrees, and conse- 
quently, the third angle ADE, is equal to sixty degrees 
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Therefore, the wiangle ADE is equilateral (Bk. I. Th. vi 
Cor. 2). 


PROBLEM XXI. 


To inscribe a regular hexagon in a circle, 


Draw any radius,as AC. Then ap- 
ply the radius AC around the circum- U 
ference, and it will give the chords AD, 7 C 
DE, EF, FG, GH, and HA, which will 


be the sides of the regular hexagon. For, 
the side of a hexagon is equal to the radius (Bk. 11. T h. xix), 


PROBLEM XXII. 


To inscribe a square in a given circle. 


Let ABCD be the given circle. 
Draw the two diameters AC, BD, at | 
right angles to cach other, and through 
the points A, B, C and D draw the 
lines AB, BC, CD, and DA: then 
will ABCD be the required square. 


For, the four right angled triangles, 
AOB, BOC, COD, and DOA are - 
equal, since the sides AO, OB, OC, and OD are equal, being 
radi of the circle; and the angles at O are equal in each, 
being right ancles: hence, the sides AB, BC, CD, and 1.1 
are equal (Bk. L. ‘Th. iv). 

But each of the angles ABC, BCD, CDA, DAB, is a right 
engle, being an angle ina semicircle (Bk. Il. Th x): hence, 
the figure ABCD is a square (Bk. I. Def. 48) 


A 
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Sch. If we bisect the arcs AB, 
BC, CD, DA, and join the points, 
we shall have a regular octagon in- / 
scribed in the circle. If we again By D 
bisect the arcs, and join the points of \ 
bisection, we. shall have a regular 


polygon of sixteen sides. 


PROBLEM XXIII. 
To describe a square about a given circle. 


raw the diameters AB, DE, at 
right angles to each other. ‘Through 
the extremities A and B draw FAG 
and HBI parallel to DE, and through 
E and D, draw FEH and GDI par- 
allel to AB: then will FGJH be the 
required square. 


For, since ACDG is a paralleiogram, the opposite sides are 
equal (Bk. I. Th. xxiii): and since the angle at C is aright angle 
all the other angles are right angles (Bk. I. Th. xxiii.Cor. 1): 
and as the same may be proved of each of the figures CJ, CH 
and CF, it follows that all the angles, F, G, J, and H, are 
right angles, and that the sides GJ, JH, HF, and FG, are 
equal, each being equal to the diameter of the circle. Hence 
the figure. GIHF is a square (Bk I. Def. 48). 
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BOOK IIL 
OF RATIOS AND PROPORTIONS. 
DEFINITIONS. 


1. Ratio iz the quotient arising from dividing one quantity 
by another quantity of the same kind. Thus, if the numbers 
3 and 6 have the same unit, the ratio of 3 to 6 will be 
expressed by 


6 
ia: 


And in general, if A and B represent quantities of the same 
kind, the ratio of A to B will be expressed by 


B 

a 

2. If there be four numbers, 2, 4, 8, 16, having such values 
that the second divided by the first is equal to the fourth di- 
vided by the third, the numbers are said ta be in proportion. 


And in general, if there be four quantities A, B, C, and D 


having such values that 

B_D 

Aa 
then, A is said to have the same ratio to B, that C has to D, 
or, the ratio of A to B is equal to the ratio of C to D When 
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four quantities have this relation to each other, they are said to 
be in proportion. Hence, the proportion of four quantities 
results from an equality of their ratios taken two and two. 


To express that the ratio of A to B is equal to the ratio 

of C to D, we write the quantities thus : 
Weed eeates CL IDEs 
and read, Ais to B,as C to D. 

The quantities which are compared together are called the 
terms of the proportion. The first and last terms are called 
the extremes, and the second and third terms, the means. 
Thus, A and D are the extremes, and Band C the means. 


3. Of four proportional quantities, the first and third are 
called the antecedents, and the second and fourth the conse- 
quents ; and the last is said to be a fourth proportional to the 
other three taken in order. Thus, in the last proportion, A 
and Care the antecedents, and B and D the consequents. 


4. Three quantities are in proportion when the first has the 
- same ratio to the second, that the second has to the third ; 
and then the middle term is said to be a mean proportional 
between the two other. For example, 


See eee 
and 6 is a mean proportional between 3 and 12. 


5. Quantities are said to be in proportion by inversion, or 
inversely, when the consequents are made the antecedents and 
the antecedents the consequents. 


Thus, if we have the proportion 
Dot OS heal Gy 
the inverse proportion would be 


6 2 <8 se 16 28: 
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6 Quantities are said to be in proportion by alternaticn, or 
allernately, when antecedent is compared with antecedent and 
consequent with cousequent. 

Thus, if we have the proportion 

Sires Oseesho ne Omen) Os 
the alternate proportion would be 


Jie Se O tees eb Ord Sad O; 


7. Quantities are said to be in proportion by composition, 
when the sum of the antecedent and consequent is compared 
either with antecedent or consequent. 

Thus, if we have the proportion 

Con Lye Ie sis meres oe amt KOS 
the proportion by composition would he 
2+4 : 4 :: 8+16 : 16; 
that is, 65 2- 4— 3-24- 1e: 

8. Quantities are said to be in proportion by dwsion, when 
the difference of the antecedent and consequent is compared 
either with the antecedent or consequent. 

Thus, if we have the proportion 

See icee ae lee os! POO, 
the proportion ky division will be 
S32 ee 012-2 oO; 
that is, Gaee Oe ee 24 2-86, 


9. Equimultiples of two or more quantities are the products 
which arise from peeping the quantities by the same 


number. 
Thus, if we have any two numbers, as 6 and 5 and multiply 
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them both by any number, as 9, the equimultiples will be 54 
and 45; for - 

6x9=54 and 5 9=45. 
Also, mx A and mxB are equimultiples of A and B, the 
common multiplier being m. 


10. Two-variable quantities, A and B, are said to be re- 
ciprocally proportional, or inversely proportional, when one 
increases in the same ratio as the other diminishes. When 
this relation exists, either of them is equal to a constant 
quantity divided by the other. 

Thus, if we had any two numbers, as 2 and 4, so related 
to each other that if we divided one by any number we must 
multiply the other by the same number, one would increase 
in the same ratio as the other would diminish, and their 
product would not be changed. 


THEOREM I. 


If four quantities are in proportion, the product of the two ex- 
tremes will be equal to the product of the two means. 


If we have the proportion 
Pee: Re ee Eee 6, 
we have, by Def. 2, 
BD 
Arye 
and by clearing the equation of fractions, we have 
BC=AD 


Sch. The general principle is verfiied in the proportion 
between the numbers 
2 PIPL Se ee G0 
which gives 
2x 60=10'<12==120 
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THEOREM II. 


If four quantities are so related to each other, that the product 
of two of them is equal to the product of the other two; then 
two of them may be made the means, and the other two the 
extremes of a proportion. 

Let A, B, C, and D, have such values that 

BxC—AxXD 
Divide both sides of the equation by A and we have 
B 
at Ca D 
ri x 


Then divide both sides of the last equation by C, and we 
have 


hence, by Def. 2, we have 
Ant By mea CoD, 
Sch. The general truth may be verified by the numbers 
2x18=9x4 
which give 
ee ee pa LS 
THEOREM III. 
If three quantities are in proportion, the product of the two 
extremes will be equal to the square cf the middle term. 
Let us suppose that we have 
Arte Desks SB As € 
Then, by Def. 2, we have 
BEC 
: A’ B 
and by clearing the equation of its fractions, we have 
7 
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B’=CxA 
Sch. The proposition may be verified by the numbers 
Be Oo 35 Ge 5 ele 
which give 
. 3x 12=6 x6=36 


THEOREM IV. 
lf four quantities are in proportion, they will be in proportion 
when taken alternately. 


Let RS Dey See pn erates 8 
Then, by Def. 2, we have 
ee 
AC 
Multiplying both members of this equation by x we have 
C20 
AB 


and consequently, 
A=: -1Gugekeg hh os 2), 
Sch. The theorem may be verified by the proportion 
WO Tae Whe ih Ale Reese, 
for, we have, by alternation, 
iL Oates Otro enema 0 


THEOREM V. 


If there be two sets of proportions, having an antecedent and 
aconsequent in the one, equal to an antecedent and a consequent 
tn the other; then, the remaining terms will be proportional. — 

If we have 
ARB Se AD Sand Senet ee mats een ek sey 
then we shall have 
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Fs); By F 
Roe Oh 45k 
Ilence, by Ax. 1, we have 
EY 
O.2k. 


and consequently, 

CS De i ee Pe 
Sch. The proposition may be verified by the following 
proportions, 
Soe Oba. 8 eee ands 2c 6: : FOSS 30 
which give 

Ss 24. 3 se 30 ne SO, 


‘THEOREM VI. 


Tf four quantities are in proportion, they will be in proportion 
when taken inversely. 
If we have the proportion 
Bis WiBD oc Ce DD 


we have, by Th. I, 
AXD=BXC, 


or BxC=AxD. 
Hence, we have, by Th. II, 
Dera ies ted). §— Ce 
Sch. The proposition may be verified by the proportion 
gee Aets Ome LOS 
which, when taken inversely, gives 
big Fae ey OS eM CRB 


THEOREM VII. 


Tf four quantities are in proportion, they will be in proportion by 
composition. 
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Let us suppose that we have 
AP SB BeOS a) 
we shall then have 
AXD>=Bx C: 
To each of these equals, add Bx D, and we have 
(A+B)x D=(C+D)xB; 
and by separating the factors by Th. II, we have 
A+B : ‘B poe (OID — 3 BE 


Sch. The proposition may be verified by the following 
proportion, 
SSS eal ms, 10 Bs. 48, 
We shall have, by composition, 
9+27 ;: 27 :: 16448 : 48, 
that is, $62 27 sr 64°; “48° 
in which the ratio is three fourths. 


THEOREM VIII. 
If four quantities are in proportion, they will be in proportion by 
division. 
Let us suppose that we have 
A et meso us eaten Ls 
we shall then have 
AXD=BXC. 
From each of these equals let us subtract Bx D, and we 
have 
(A—B) x D=(C—D)xB; 
and by separating the factors by Th. II, we have, 
AseB 23 Bee Gan See. 


Sch The proposition may be verified by the proportion, 
240° Seeueist “16. 
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.. We have, by division, 

2423 00 Sy St. 48—16 16. 
that is, FOr. sotGanes oes s . LOs 
in which the ratio is one-half. 


THEOREM IX. 


Equal multiples of two quantities have the same ratio as the 
quantities themselves. 


If we have the proportion 
Ae ei or ORD 
we shall have 
Doe 
Ane 
Now, let M be any number, and by it multiply the nu- 
merator and denominator of the first member of the equation 
which will not change its value: we skall then have 


Moen 2 
MxA C 


and hence we have 
MSCAS = MXR = © se Ds 
that is, the equal multiples Mx A and Mx B, have the same 
ratio as A to B. 
Sch. The proposition may be verified by the proportion, 
Oe LO 5 se- 12 : 24; 
for, by multiplying the first antecedent and consequent by any 
number, as 6, we have 
30° "2 G0ee 125 3 24, 


in which the ratio is still 2. 
~ Y fad 
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THEOREM X. 

If four quantities are proportional, and one antecedent and tts 
consequent be augmented by quantities which have the same ratio 
us the antecedent and consequent, the four quantities will still be 
in proportion. 

Let us take the proportions 
kai © Le De Sitar One gs tees 11s Woe , Wi cimen , Coie eas se rey oS 
which give 

AxD=BxC and AXF=BXE; 
adding these equals we have 
Ax(D+F)=Bx(C+E£); 
and by Th. II, we have 
A= BB s2eeT kh = pat 
in which the antecedent C and its consequent D, are augment- 
ed by the quantities EZ and F, which have the same ratio. 

Sch. The proposition may be verified by the proportion, 

O° 33 1 Src eee OF 
- in which the ratio is 2. 


If we augment the antecedent and its consequent by 15 and 
30, which have the same ratio, we have 


9, t 18 2 -204:15." ¢:.40-+430 


that is, Qoste tet oo 0 
in which the ratio is still 2. 


THEOREM XI. 


If four quantities are proportional, and one antecedent and its 
consequent be diminished by quantities which have the same ratio 


«s the antecedent and consequent, the four quantities will still be 
in proportion : 
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Let us take the prenortions 
Ae Bios. Cater ae Ot ee Dae Sek: 
which give 
AxD=BxC and AX FEB E. 
By subtracting these equalities, we have 
Ax(D—F)=Bx(C—£); 
and by Th. II, we obtain 
A] = -B 33s 2C=fh=5--D—f, 
in which the antecedent and consequent, C and D, are dimin- 
ished by E and F, which have the same ratio, 
Sch. The proposition may be verified by the proportion, 
ORE Se SS it 20> 2 405 
for, by diminishing the antecedent and consequent by 15 and 
30, we have 
9 : 18 :: 20-15 : “40-30; 
thatis | ni Orned MS ering Ss Peto 
in which the ratio is still 2. 


THEOREM XIl. 


If we have several sets of proportions, having the same ratio, 
any antecedent will be to its consequent, as the sum of the ante- 
cedents to the sum of the consequents. 

If we have the several proportions, 

ep 2 P- whichgives AXD=BXC 

ee ee eed, wich pives ASCE = OC 

A > B s<G3: H whichgives AxH=BxG 

We shall then have, by addition, 

Ax(D+F+H)=Bx(C+E+6G); 
and consequently, by Th. II. 
A mre Bo o:: C+E+G : D+F+H. 


80 GEOMETRY. 


Of Ratios and Proportions. 


Sch. The proposition: may be verified by the following 
proportions ; viz. 
dees Ie PE SB He oc and l> 3292s 23 eee 
Then, Oe ad eet 6-3 eel a t- OF 
that is, DRG pti lee Or,” eee) ep 
in which the ratio is still 2. 


THEOREM XIII. 


If four quantities are in proportion, ther squares or cubes wilh 
also be proportional. 


If we have the proportion 
Atess Bee Cae =), 


it gives 
ce gone &) 
Poe al 
Then, if we square both members, we have 
Bi sb), 
Be 
and if we cube both members, we have 
B* Dp 
2-G 


and then, changing these equalities into a proportion, we haye 
for the first, 
Be Bee Ge ; 
and for the second 
WA® isc Reaiieatea Ae ter ge) 
Sch. We may verify the proposition by the proportion, 
Ot A a ON eae TOF 
and by squaring each term we have, 
4.9% 16 236%: 214# 
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numbers which are still proportional, and in which the ratio 
is 4. 
If we cube the numbers we have, 
Se ee Ga 12 
= tnat is; 8S: 64-2 2-6._ + 1728; 
in which the ratio is 8. 


3 


THEOREM XIV. 


If we have two sets of proportional quantities, thé products of 
the corresponding terms will be proportional. 


Let us take the proportions, 


Als Ds: Cr siD which gives 


Foes  oatin Gs —- — which gives 


Multiplying the equalities together, we have 
BxF DxH 
AZ EAC G 
and this by Th. II, gives 
A eS Kee eee Fe LD Ey 


Sch. The proposition may be verified by the following 


proportions : 


and Digest mn 4 Ser tet Ge StH Bs 
we shall then have 

245-2 48-3 s 60- = 120 
which are proportional, the ratio being 2, 
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OF THE MEASUREMENT OF AREAS, AND THE 
PROPORTIONS OF FIGURES. 


DEFINITIONS. 


L 


1 Similar figures, are those which have the angles of the 
one equal to the angles of the other, each to each, and the 
sides about the equal angles proportional. 


2. Any two sides, or any two angles, which are like placed 
in the two similar figures, are called homologous sides or 
angles. 


3. A polygon which has all its angles equal, each to each, 
and all its sides equal, each to each, is called a regular polygon. 
A regular polygon is both equiangular and equilateral. 


4. If the length of a line be computed in feet; one foot is 
the unit of the line, and is called the linear unit. If the length 
of a line be computed in yards, one yard is the linear unit 


5. If we describe a square on the unit 
of length, such square is called the unit of 
sutface. Thus, if the linear unit is one 
foot, one square foot will be the unit of 
‘ surface, or superficial unit. 


1 foot. 


unit 
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l yd. =3 feet. 
6. If the linear unit is one yard, one 
square yard will be the unit of surface; 
and this square yard contains nine square 
feet. 


7. The area of a figure is the measure of its surface. The 
unit of the number which expresses the area, is a square, the 
side of which is the unit of length. 


8. Figures have equal areas, when they contain the same 
measuring unit an equal number of times.. 


9. Figures which have equal areas are called equivalent. 
The term eguq/, when applied to figures, implies an equality 
in all respects. The term equivalent, implies an equality in 
one respect only: viz. an equality in their areas. The sign 
~<O=, denotes equivalency, and is read, is equivalent to. 


THEOREM f. 


Parallelograms which have equal bases and equal altitudes, are 
equivalent. 


Place the base of one parallel- 
ogram on that of the other, so that 
AB shall be the common base of 
the two parallelograms ABCD 
and ABEF. Now, since the par- 
allelograms have tlie same altitude, their upper bases, DC and | 
FE, will fall on the same line FEDC, patallel to AB. Since 
the opposite sides of a parallelogram are equal to each other 
(Bk. I Th. xxiii), AD is equal to BC. - Also, DC and FE are 
each equal to AB: and consequently, they are equal to each 
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other (Ax. 1). To each, add ED: 
then will CE be equal to DF. 

But since the line FC cuts the 
two parallels CB and DA, the 
angle BCE will be equal to the A B 
angle ADF (Bk. I. Th. xiv): hence, the two triangles ADF 
and BCE have two sides and the included angle of the one 
equal to two sides and the included angle of the other, each 
to each ; consequently, they are equal (Bk. I. Th. iv). 

If then, from the whole space ABCF we take away the tri- 
angle ADF, there will remain the parallellogram ABCD; but 
if we take away the equal triangle BEC, there will remain the 
parallelogram ABEF: hence, the parallelogram ABEF is 
equivalent to the parallelogram ABCD (Ax. 3). 


Cor. A parallelogram and a 
rectangle, having equal bases and ey: 
equal altitudes, are equivalent. 


THEOREM Il. 
Triangles which have equal bases and equal altitudes, are 
equivalent. 
Place the base of one triangle F DE 
on that of the other, so that ABC 
and ABD shall be two trian- 
gles, having a common base AB, 


and for their altitude,the distance 
between the two parallels AB, FC: then will the triangle 
ABC be equivalent to the triangle ADB. ; 
For, through A draw AZ parallel to BC, and AF parallel to 
BD, forming the two parallelograms BE and BF Then, 
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since these parallelograms have a common base and equal 
altitudes, they will be equivalent (Th. i). 

But the triangle ABC is half the parallelogram BE (Bk. L. 
Th. xxiii); and ABD is half the equal parallelogram BF. 
hence, the triangle ABC is equivalent ‘o the triangle ABD. 


THEOREM III. 


If a triangle and a parallelogram have equal bases and equal . 
altitudes, the triangle will be half the parallelogram. 


Place the base of the triangle on the 
base of the parallelogram, so that AB 
shall be the common base of the tri- 
angle and parallelogram: then will the 
triangle ABE be half the parallelogram 
BD. 


For, draw the diagonal AC. Then, since the altitude of 
the triangle AFB is equal to that of the parallelogram, the 
vertex will be found some where in CD, or in CD produced. 
Now the two triangles ABC and ABE, having the same base 
AB, and equal altitudes, are equivalent (Th. ii). But the tri- 
angle ABC is half the parallelogram BD (Bk. I. Th. xxiii): 
hence, the triangle ABE is half the parallelogram BD (Ax. 1). 


Cor. Hence, if a triangle and a rect- 
angle have equal bases and equal alti- 
tudes, the triangle will be half the 
rectangle. 


For the rectangle would be equiva- 
lent to a parallelogram of the same base 3 
and altitude (Th. i. Cor.), and since the triangle is half the 
parallelogram, a also equivalent to half the rectangle 
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THEOREM IV. 
Rectangles which. are described on equal lines are equivalent. 


Let BD and FH be two rectangles, 
having the sides AB, BC, equal to 
the two sides EF, FG, each to 
cach: then will the rectanvle ABCD, 
Cescribed on the lines AB, BC, be 
equivalent to the rectangle EF GH, 
described on the lines EF, FG. 

For, draw the diagonals AC, EG, dividing each parallel- 
cgram into two equal parts. 

Then the two triangles, ABC, EFG, having two sides and 
the included angle of the one equal to two sides and the in- 


cluded angle of the other, each to each, are equal (Bk. I. 

Th. iv). But these equal triangles are halves of the respective 

rectangles (Th. iii. Cor.): hence, the rectangles are equal 
(Ax. 7); and consequently equivalent. 


Cor. The squares on equal lines are equal. For a square 
is but a rectangle having its sides equal. 


THEOREM MV. 


Two rectangles having equal altitudes are to each other as their 


bases. 


Let AE FD and EBCF be two D 
rectangles having the common alti- 
tude AD ; then will they be to each 
other as the bases AZ and EB. 


A 


For, suppose the base AE to be to the base EB,as any two 
numbers, say the numbers’4 and 3. Let AE be then divided - 
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into four equal parts, and EB into three equal parts, and 
through the points of division draw parallels to AD We 
sliall thus form seven rectangles, all equivalent to each other 
since they have equal bases and equal altitudes (Th. iv). 

But the rectangle AE FD will contain four of these partial 
rectangles, while the rectangle EBCF will contain three ; 
hence, the rectangle AE FD will be to the rectangle EBCF as 
4 to 3; that is, as the base AE to the base EB. 

The same reasoning may be applied to any other rect- 
angles whose bases are whole numbers: hence, 


Wie Uae eC Pees) ties EB. 


THEOREM VI. 


Any two rectangles are to euch other as the products of thea 
bases and altitudes. 


Let ABCD and AEGF be Hf D 
two rectangles : then will 
ABCD : AEGF :: ABxXAD 
: AFXAE 

For, having placed the two 
rectangles so that BAE and G@ i 
DAF shall form straight lines, produce the sides CD and GE 
until they meet in H. 

Tlien, the two rectangles ABCD, AEHD, having the com- 
mon altitude AD, are to each other as their bases AB and 
AE (Th. v). In like manner, the two rectangles AEHD 
AEG F, having the same altitude AZ, are to each other as 
their bases AD and AF. Thus, we have the proportions 


ABCD = AE HDwak SAB: 2 CAE, 
4EHD : AEGF :: AD : AF. 


E B 
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If, now, we multiply the cor- 
responding terms together, the He) eee 
products will be proportional 
(Bk. Il]. Th. xiv.); and the J# a 3 

_common multiplier AHHD may 
be omitted (Bk. II. Th. ix.) : | 
hence, we shall have . 


ABCD : AEGF :: ABXAD : AEXAF. 


Sch. Hence, the product of the. base 
by the altitude may be assumed as the 
measure of a rectangle. This product 
will give the number of superficial units 
in the surface: because, for one unit in 
height, there are as many superficial units 
as there are linear units in the base; for two units in height, 
twice as many; for three units in height, three times as 
many, &c. 


THEOREM VII. 


The sum of the rectangles contained by one line, and the 
several parts of another line any way divided, is equivalent to the 
rectangle contuined by the two whole lines. 

Let AD be ore line, and AB the other, 
divided into the parts AZ, HF, FB: then 
will the rectangles contained by AD and 
AE, AD and EF, AD and FB, be equiv- 
alent to the rectangle AC which is con- 
tained by the lines AD and AB, 

For, through # and #' draw 
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be equal to the rectangle’ of ADXAE; EH will be equal ta 
EG x EF,or to ADx EF; and FC will be equal to FH x FB, 
orto ADX FB. 
But the rectangle AC is equal to the sum of the partial 
rectangles: hence, 
ADx ABX=AD Xx AE+ADx EF+ADX TFB. 


THEOREM VIII. 


The area of any parallelogram is equal to the product of its base 
by its altitude. 


Let ABCD be any parallelogram, and 


BE its altitude: then will its area be ee 
equal to ABx BE. / 
For, draw AF perpendicular to the D Zz 

base AB, and produce CD to fF. Then, 

the parallelogram BD and the rectangle BF, having the same 
base and altitude are equivalent (Th. i. Cor.). But the area 
of the rectangle BF is equal to the product of its base AB by 
the altitude AF (Th. vi. Sch.): hence, the area of the paral- 
lelogram is equal to ABx BE. 

Cor. Parallelograms of equal bases are to each other as their 
altitudes; and if their altitudes are equal, they are to each 
other as their bases. 

For, let B be the common base, and C and D the altitudes 
of two parallelograms. Then, by the theorem, their areas are 
to each other, as 

PBX OM ab XD; 
that is, (Bk. III. Th ix), as — Cuey 

If A and B be their bases, and C their common altitude, 
then they will be to each other as 


AxCy: TBxXC: that is, as Avs B. 
R* 
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THEOREM IX. 


The area of a triangle is equal to half the product of its base by 
its altitude. 


Let ABC be any triangle and CD its 
altitude: then will its area be equal to 
half the product of AB x CD. 

For, through B draw BE parallel to 
AC, and through C draw CE parallel 
to AB: we shall then form the parallelogram AZ, having the 


same base and altitude as the triangle ABC. 


But the area of the parallelogram is equal to the product of 
the base AB by its altitude DC; and since the parallelogram is 
double the triangle (‘Th. iii), it follows that the area of the tri 
angle is equal to half this product: that is, to half the product 
of ABx CD. 


Cor. Two triangles of the same altitude are to each other 
as their bases; and two triangles of the same base are to each 
cther as their altitudes. And generally, triangles are to each 
other as the products of their bases and altitudes. 


THEOREM X. 


The area of a trapezoid is equal to half the product of its altitude 
multiplied by the sum of its parallel sides. 


Let ABCD be a trapezoid, CG 
its altitude, and AB, DC its. par- 
allel sides: then will its area be 


Do Cuery 


equal to half the product of 
CG x(AB+DC). 
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For, produce AB until BE is equal to DC, and complete 
the rectangle AF’; also, draw BH perpendicular to AB. 


Then, the rectangle AC will be equivalent to BF, since they 
hare equal bases and equal altitudes (Th iv). The diagonal 
BC will divide the rectangle GH into two equal triangles; 
and hence, the trapezoid ABCD will be equivalent to the 
trapezoid BEFC; and consequently, the rectangle AF, ia 
double the trapezoid ABCD. 


But the rectangle AF is equivalent to the product of 
ADx AE; that is, to C@Gx(AB+ DC); and consequently, 
the trapezoid ABCD is equal to half that product. 


THEOREM XI. 


If a line be divided into two parts, the square described on the 
whole line 1s equivalent to the sum of the squares described on the 


iwo parts, together with twice the rectangle contained hy the parts. 


Let the line AB be divided into two” p 
parts at the point E: then will the square 
described on AB be equivalent to the two 
squares described on AF and EB, to- 
- gether with twice the rectangle contained 
by AE and EB: that is 


 AB=X>AE’+ EB?424EXEB. 
For let AC be a square on 4B, and AF a square on A EB. 
and produce the sides EF and GF to H and J. _ 
Then, since EH is equal to AD, being the opposite side cf 
a rectangle, it is also equal to AB; and Gi is likewise equal 
to AB If, therefore, from these equals we take away EF and 
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GF, there will remain FH equal to FJ, 
and each will be equal to HC or JC; and 
since the angle at F is a right angle, it 
follows that /'C is equal to a square de- 
scribed on EB. Italso follows, that DF 
and FB are each equal to the rectangle 
of AE into EB. e 


But the square ABCD is made up of four parts, viz., the 
square on AE; the square on LB; the rectangle Df’, and 
the rectangle 'B. Hence, the square on AB is equivalent 
to the square on AF plus the square on EB, plus twice the 
rectangle contained by AF and EB. 


Cor. If the line AB be divided into 
two equal parts, the rectangles DF’ and 
FB would become squares, and the square 
described on the whole line would be 
equivalent to four times the square de- 
scribed on half the line. - 


Sch. The property may be expressed in the language of 
algebra, thus, 


(a+b) =a°+2ab+b2 


THEOREM XII. 


The square described on the hypothenuse ‘of a right angled 
triangle, is equivalent to the sum of the squares described on the 
other two sides. 
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Let BAC be a right an- K 
gled triangle, right angled at 
A: then will the square de- 
scribed on the hypothenuse 
BC, be equivalent to thetwo zy 
squares described on BA 
and AC. 

Having described the 
squares BG, BL, and AJ, 
let fall from A, on the hy- 
pothenuse, the perpendicular yaaa i 
AD, and produce it to #; then draw the diagonals AF, CH. 

Now, the angle ADF is made up of the right angle FBC 
and the angle CBA; and the angle CBH is made up of the 
right angle ABH and the same angle CBA: hence, the angle 
ABF is equal to CBH. But /'B is equal to BC, being sides 
of the same square; and for a like reason, BA is equal to 
HB. Therefore, the two triangles ABF' and CBH, having 
two sides and the included angle of the one equal to two sides - 
and the included angle of the other, each to each, are equal 
(Brel. "Pho iv). 

Since the angles BAC and BAL are right angles, as 
also the angle ABH, it follows that CAZ isa straight line 
parallel to BH, (Bk. I. Th. ii. Cor. 3). Hence, the square 
HA and the triangle HBC stand on the same base and be- 
tween the same parallels; therefore the triangle is half the 
square (Th. iii. Cor.). Fora oe reason, the triangle ABF 
is half the rectangle BE. ; 

But it has already-been proved that the triangle ABY is 
equal to the triangle CBH: hence, the rectangle BH, which 
is double the former, is equivalent to the square BL, Witeey is 
double the latter (Ax. 6). 


on 
- 
oe! 
- 
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In the same manner it 
may be proved, that the rect- 
angle DG is equivalent to 
the square CK. 

But the two rectangles 
BE, DG, make up the 
square BG: therefore, the 
square BG, described on 
the hypothenuse, is equiva- 
lent to the squares BL and 
CK, described on the other 
two sides. 


Cor. Hence, the square of either side 
of a right angled triangle is equivalent to 
the square of the hypothenuse diminished 
by the square of the other side. That is, 
in the 1ight angled triangle ABC A 
AB-<=AC’—BC 
or BC=AC— AP 
Sch. The last theorem 
may be illustrated by de- 
scribing a square on the hy- 
pothenuse BC, equal to 5, 
also on the sides BA, AC, 
respectively equal to 4 and 3; 
and observing that the num- 
ber of small squares in the 
large square is equal to the 


number in the two small 
squares. 


S 
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THEOREM XII. 


If a line be drawn parallel to the base of a triangle, it will divide 
the other two sides proportionally. 


Let ABC be any triangle, and DE a 
straight line drawn parallel to the base 
BC: then will 

AD De AB. i aoe 

For, draw BE and DC. Then, the 
two triangles BDE and DCE have the 
same base DE, and the same altitude, B Cc 
since their vertices B and C, lie in the line BC parallel to 
DE: hence, they are equivalent (Th. ii). 

Again, the triangles AD# and BDZ, have a common ver- 
tex £, and the same altitude; consequently, they are to each 
other as their bases (Th. ix. Cor.) ; hence, we have 

ADE =i “BUDE = BAD SDB: 

But the triangles ADE and CDE, having a common vertex 

D, are to each other as their bases AF and EC: hence, we 


have 
ADL: CDE yo: Ales EC. 
But the triangles BDE and CDE have been proved equiva- 
lent: hence, in the two proportions, the first antecedent and 
consequent in each are equal: therefore, by (Bk. LI. Th. v) 


we have 
AD ace Diese A He) sb C, “ 


Cor. The sides AB, AC, are also proportional to the parts 
AD, AE, or to BD, CE. ~ : 
For, by composition (Bk. III. Th. vii), we have 
ADE BD .: <BD 2: AE+EC .» EC. 
Then, by alternation (Bk. III. Th. iv). 
AB: ACs: BD: EC, hence, also, AB: AC:: AD: AE 
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THEOREM XIV. 

A line which bisects the vertical angle of a triangle divides 
the base into two segments which are proportional to the adjacent 
side, : 

Let ACB be a triangle, hav- # 
ing tho angle C bisected by the 
line CD: then will 
ADD DR oo AG HIG. 


For, draw BH parallel to 
CD and produce AC to £. 
Then, since CB cuts the two 
_ parallels C.D, #B, the alternate angles BCD and CBE are 
equal (Bk/ I. Th. xii): hence, CBE is equal to angle ACD. 

But, since AH cuts the two parallels CD, BE, the angle 
ACD is equal to CHB (Bk. I. Th. xiv): consequently, the 
angle CBE is equal to the angle CHB (Ax. 1): hence, the 
side CB is equal to CH (Bk. I. Th. vii.) 

Now, in the triangle ABZ the line CD is drawn parallel 
to BH: hence, by the last theorem, we have 

AD :9DB 29a 2a. 
and by placing for CZ, its equal C'B, we have 
AD: DBE GS AC CnOE: 


THEOREM XyV. 


Hquiangular triangles have their sides proportional, and are 
similar. 
Let ABC and DEF be two equi- 
angular triangles, having the angle 
A equal to the angle D, the angle @ A 
to the angle #, and the angle B to 
the angle #: then will 
ha ABie AC is: GDF cst. DE. BOE F 
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For, or the sides of the larger triangle DEF, make D1 
equal to AC and DG equal to AB, and join JG. Then the 
two triangles ABC and DIG, having two sides and the in- 
cluded angle of the one equal to two sides and the included 
angle of the other, each to each, will be equal (Bk. I Th. iv) 
Hence, the angles J and G are equal to C and B, and conse 
quently, to the angles F' and E: therefore, JG is parallel to 
EF (Bk. 1.-Th. xiv, Cor. 1). 

Now, in the triangle DEF, since JG is parallel to the base, 
we have (Th. xiii). 

Gia Din Ge maD Exe tie DE, 
that is, PAD teed Cee) oe ee 


THEOREM XVI. 


Two triangles which have their sides proportional are equian- 
gular and similar. 


Let BAC and EDF be two 
triangles having A 
PC ct bss AB = kD, 
Mie Sse ACE DE; 
then will they have the corres- - ; 
ponding angles equal, viz., the angle 
B=£, A=D and C=F. 

For. at the point E make FEG equal tu the angle B. 
and at F make the angle EFG equal to the angle C:_ Then 
will the angle at G be equal to A, and the two triangles BAC . 
and EGF will be equiangular (Bk. I. ‘Th. xvii. Cor 1). 

Therefore, by the last theorem we shall have 


BCS ie. AB: EG: 
9 
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but by hypothesis, 


A D 
BOE FE =-Apase ire 
hence, EG is equal to ED. E F 
By tlie last theorem we also. # C 
have ia 
AEG: 


BOA EP st SA 
and by hypothesis, : 

= BCE Fae Cm ae) Pan 
hence, FG is equal to DF. 

Therefore, the triangles DEF and EGF, having their three 
sides equal, each to each, are equiangular (Bk. I. Th. viii). 
But, by construction, the triangle EFG is equiangular with 
BAC: henee, the triangles BAC and EDF are equiangular, 
and consequently they are similar. 


Sch. By Theorem XV, it appears that if the corresponding 
angles of two triangles are equal, each to each, the correspond- 
mg sides will be proportional; and in the last theorem it was 
proved that if the sides are proportional, the corresponding 
angles will be equal. 


Now, these proportions do not hold good in the quadrilate- 
rals. For, in the square and rectangle, the corresponding 
angles are equal, but the sides are not proportional; and the 
angles of a parallelogram or quadrilateral, may be varied at 
pleasure, without altering the lengths of the sides. 


THEOREM XVII. 


Lf two triangles have an angle in the one equal to an angle in 
the other, and the sides containing these angles proportional, the 
two triangles will be eq-uiangular and similar. 


° 
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Let ABC and DEF be two tri- 


A 
angles having the angle A equal to 


_the angle D, and 


iN 
AB : DE :: AC + DP; » e 
then will the two triangles be j-— 5- 
similar. 

For, lay off AG equal to DE, and through G draw Gi par. 
allel to BC. Then the angle AGI will be equal to the angle 
ABC (Bk. I. Th. xiv) ; and the triangles AG/ and ABC will 
be equiangular. Hence, we shall have 

ABBAS CAG SS AC es AT. 
But, by hypothesis, we have 
pA aas= Die = ek AAC He DF; 
and by construction, AG is equal to DE; therefore, AJ is 
equal to DF, and consequently, the two triangles AG/J and 
DEF are equal in all their parts (Bk. 1. Th. iv). But the tri- 


angle ABC is similar to AGI, consequently it is similar to 
DEF i 


THEOREM XVIII. 

If from the right angle of a right angled triangle, a perpen- 
dicular be let fall on the hypothenuse, then 

‘I. The two partial triangles thus formed will be similar ta 
each other and to the whole triangle. 

Il. Either side including the right angle will be a mean pro- 
portional between the hypothenuse and the adjacent segment. 

Ill. The perpendicular will be a mean proportional between the 
segments of the hypothenuse 
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Let ARC be a right angled 


A 
triangle, and AD perpendicular 
to the hypothenuse. 
The two triangles BAC and 
BAD having the common angle 6 b ,. 


B, and the right angle BAC equal 
to the right angle at D, will be equianguiar (Bk. I. Th. xvii 
Cor. 1); and, consequently, similar (Th. xv). For a like 
reason the triangles BAC and CAD are similar. 

Now, from the triangles BAC and BAD, we have 


Je1OF So eV RR HAL PO oy 


From the triangles BAC and CAD, we have 
BRC “2 GAVE Pe Hs CDE 
and from the triangles BAD and DAC, we have 
Blea AD: >. 3 3AD: 2) DC: 
Cor. lf from a point A, in the 
circumference of a circle, Al) be 
drawn perpendicular to any diam- 
eter as BC,and the chords AB 
AC he also drawn, then the an- 
gle BAC will be a right angle iano 
(Bk. I. Th. x): and by the 


theorem we shall have, 


Ast The perpendicular 4D a mean proportional between 
the segments BD and DC. 
2d Fach chord will be a mean proportional between the 
diameter and the adjacent segment, 
That is, AD?=BDx DC 
AB’ =BCx BD 
AC?=BCx CD 
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THEOREM XIX. 


Similar triangles are to each other as the squares described on 
ther homologous sides 


Lot ABC and DEF be 


two similar triangles, and Cc / 
AL and DN the squares de- 
DH : 
ecribed on the homologous e B 
sides AB, DE: then will 


the triangle 


ABC: DEFS 7 AL: DN, 
For, draw CG and FH perpendicular to the bases AB, DE, 
and draw the diagonals BK and EM. 
Then, the similar triangles ABC and DEF, having their 
homologous sides proportional, we have 
ACs: SDEM: 2. AB ee DEF 
and the two ACG, DFH, give 
Ce ead bee CG 3 i: 
hence, (Bk. III. Th. v), we have 
ABO?) DE. CGY El, 
or (Bk. III. Th. iv), 
ABiiie GG) enéts Dibia wit. Pi: 
Now, the two triangles ABC and AKB have the common 
base AB; and the triangles DEF and DEM have the common 
base DE; and since triangles on equal bases are to each cther 


as their altitudes (Th. ix, Cor.), we have 


K L M 


the triangle 
SABO’ 2S ABK—<r CG : AK or AB 
and the triangle, 
DEF : DME :: FH : DM or DE. 
g* 
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But we have proved 
CG23. SAB ey THe evs 
hence, ABC : ABK :: DEF: DME, 
or alternately, ; 
ABC : DEF..:: ABK’: DME. 


But the squares AL and C 
DN being.each double of the ee P 
triangles AKB and DME G ° | 
have the same ratio ; hence, 
ABC: DEF :: AL: DN. | 
K L M N 


THEOREM XX. 
Two similar polygons may be divided into an equal number of 
triangles, similar each to each, and similarly placed. 


Let ABCDE and FGHIK be two similar polygons. 
From the angle A draw 


the diagonals AC, AD: D f : 

and from the homologous 

angle F, draw FH, FI. E K 2 
Now, since the poly- 

gons are similar, the ho- A 


mologous angles B and G 
will be equal, and the sides ye the equal angles propor- 
tional (Def. 1): that is, 

ABS: BCs: FG -GH. 

Hence, the triangles ABC and FGH have an angle tn each 
equal, and the sides about the equal angles proportional: there- 
fore, they are similar (Th. xvii), and consequently, the angle 
ACB is equal to FHG. Taking these from the equal angles 
BCD and GHZ, there will remain ACD equal to FHZ. The 
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hwo triangles 4CD and F'H/ will then have an angle in each 
eqnal, and the sides about the equal angles proportional: hence, 
they will be similar. 

In the same manner it may be shown that the triangles 
AED and FKI are similar: and, hence, whatever be the 
number of sides of the polygons, they may be divided into an 
equal number of similar triangles. 


THEOREM XXI. 
Similar polygons are to each other as the squares described on 
their homologous sides. 
Let ABCDE and FGNIK, be two similar polygons ; then 
will they be to each other 


as the squares described D A 
on AB, FG, or any other F 
two homologous sides. E CK zs 
For, let the polygons be 
divided, as in the last the- B 
F G 


orem, into an equal num- 
ber of similar triangles. Then, by Theorem XIX, we have 
the triangles 

ABCa: CEGN at: AB 8 UhG- 

ADCS WBEING 2 cs DO te IN: 

ADRs FIK 2c DE «:- TK? 

But since the polygons are similar, the ratio of the last ante- — 
cedent to its consequent, in each of the proportions, is the 
same: hence, we have (Bk. II]. Th. xii). 
ABC4ADC+ADE : FGN+FIN+FIK :: AB’: FG’; 
that is, ABCDE : FGNIK :: AB : FG’; 

Hence, the areas of similar polygons are to each other as 
the squares described on their homologous sides 
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THEOREM XXII. 


If similar polygons are inscribed in circles, their homologous 
sides, and also their perimeters, will have the same ratio to each 
other as the diameters of the circles in which they are inscribed 


Let ABCDE, FGNIK, 
be two similar figures, in- 
scribed in the circles whose 
diameters are AL and FM: 
then will each side, AB, 
BC, &c., of the one, be to 
the homologous side FG, GN. &c., of the other, as the 
diameter AL to the diameter if. Also, the perimeter 
AB+BC+CD &c., will be to the perimeter FG+GN-+ N) 
&c., as the diameter AZ to the diarzeter /.W 


For, draw the two corresponding diagonals AC, FN, as also 
the lines BL and GM. 

Then, the two triangles ACB and FNG will be similar 
(Th. xx); and therefore, the angle ACB is equal to the angle 
FNG. But, the angle ACB is equal to the angle ALB, and 
the angle FNG to the angle FMG (Bk. II. Th. ix): hence, 
the angle ALB is equal to the angle FMG (Ax. 1); and since 
ABL and FGM are right angles (Bk. II. Th. x), the two tri- 
angles ALB and FMG will be equiangular (Bk. I. Th. xvii. 
Cor. 1), and consequently similar (Th. xv). 

Therefore, 


AB OS) PQS Me AL Se bie 


Again, since any two homologous sides are to each other in 
the same ratio as AL to FM, we have (Bk. III. Th xii), 


AB+BC+CD &z.: FG4+GN+NI1 &e. :: AL : FM. 
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THEOREM XXIII. 


Similar polygons inscribed nm circles are to each other as the 
squares of the diameters of the circles, 


Let ABCDE, FGNIK, 
be two polygons inscribed 
-in the circles whose diam- 
eters are AL and FM: 
then will the polygon 
ABCDE, be to the poly- 
gon FGNIK as the square of AL to the square of FM. 
For, the polygons being similar, are to each other as the 
squares of their like sides (‘Th. xxi) ; that 1s,as AB’ to FG* 
But, by the last theorem, 
PABon sel Ge Aas PM 
therefore (Bk III. Th. xiii), 
MB ot FE es AL OEMs 
consequently, 
ABCDE 7 FGNIK i: AL :- FM’. 
Sch. If any regular polygon, 
ABDEFG, be inscribed in a circle, E 
and then the arcs AB, BE, &c., be 
bisected, and lines be drawn through D 
these points of bisection, a new poly- 


gon will be formed having double the 
number of sides. It is plain that this x er ae 
new polygon will differ less from the circle than the first 
polygon, and its sides will lie nearer the circumference than 
the sides of the first polygon. 

If now, we suppose the number of ‘sides to be continually 


increased, the length of each side will constantly diminish 
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until finally the polygon will become 

equal to the circle, and the perimeter 

will coincide with the circumference. // 
When this takes place, the line CH C 
drawn perpendicular to one of the 

sides, will become equal to the radius 

of the circle. 


THEOREM XXIV. 


The circumferences of circles are to each other as their diameters 


Let there be two circles 


whose diameters are AL AE TE, ES 
and FM: then will their 
circumferences be to each \ y \ 
other as AL to FM. SS ——— 


For, suppose two similar polygons to be inscribed in the 
circles: their perimeters will be to each other as AL to FM 
(Th. xxii). 

Let us now suppose the arcs which subtend the sides of the 
polygons to be bisected, and new polygons of double the num- 
ber of sides to be formed: their perimeters will still be to 
each other as AL to FM, and if the number of sides be in- 
creased until the perimeters coincide with the circumference, 
we shall have the circumferences to each other as the diam- 
eters AL and FM. 


THEOREM XXV. 


The areas of circies are to each other as the squares of their 
diameters. 
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Let there be two circles 
whose diameters are AL 
and FM: then will their 
areas be to each other as 


the square of AZ to the 
square of FM. 


For, suppose two similar polygons to be inscribed in the 
3 


LE 


circles: then will they be to each other as AL’ to FM 
(Th xxiii). : 

Let us now suppose the number of sides of the polygons to 
be increased, by bisecting the arcs, until their perimeters 
shall coincide with the circumferences of the circles. The 
polygons will then become equal to the circles,and hence, the 
areas of the circles will be to each other as the squares of their 
diameters. 

Cor. Since the circumferences of circles are to each other 
as their diameters (Th. xxiv), it follows, that the areas which 
are proportional to the squares of the diameters, will also be 
proportional to the squares of the circumferences 


THEOREM XXVI. 


The area of a regular polygon inscribed in a circle, is equal to 
half the product of the perimeter and the perpendicular let fall 
-from the centre on one of the sides. 


Let C be the centre of a circle cir- 
cumscribing the regular polygon, and 
CD a perpendicular to one of its sides: 
then will its area be equal to half the - 
product of CD by the perimeter. 

For, from: C draw radii to the ver- 
tices of the angles, forming as many 
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equal triangles as the polygon has 
sides, in each of which the perpen- 


a 
dicular on the base will be equal to ON 
CD. Now, the area of one of them, 
as ACB, will be equal to half the pro- \/ 
duct of CD by the base AB; and the 
same will be true for each of the other percent tt 


triangles : hence, the area of the poly- 
gon will be equal to half the product of CD by the perimeter 


THEOREM XXVII. 


The area of a circle is equal to half the product of the radius by 


the circumference. 


Let C be the centre of a circle: 
then will its area be equal to half the 
product of the radius AC by the cir- 
cumference ABE. 

For, inscribe within the circle a 
regular hexagon, and draw CD perpen- 
dicular to one of its sides. Then, 
the area of the polygon will be equal to half the product of 
CD multiplied by the perimeter (Th. xxvi). 

Let us now suppose the number of sides of the polygon to 
be increased, until the perimeter shall coincide with the cir- 
cumference ; the polygon will then become equal to the circle, 
and the perpendicular CD to the radius CA. Hence, the area 
of the circle will be equal to half the product of the radius by 
the circumference. 
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PROBLEMS 


RELATING TO THE FOURTH BOOK. 


PROBLEM I. 
To divide a line into any proposed number of equal parts 


Let AB be the line, and let it be , 
required to divide it into four equal ps 
parts. ees. 


: “ . ‘, % ‘ 
Draw any other line, AC, forming — 
an angle with AB, and take any dis- 


tance, as AD, and lay it off four timeson AC. Join C and B 
and through the points D, £, and F, draw parallels to CB 
’ These parallels to BC will divide the line AB into parts pro: 
portional to the divisions on AC (Th. xiii): that is, into equal 
parts. 


PROBLEM. II. 


To find a third proportional to two given lines. 


Let A and B be the given lines. 
Make AB equal to A, and draw - 


AC, making an angle with it. On BAS 
AC lay off AC equal to B, and join SS 
y q J Fa 


BC. then lay off AD, also equal to 
B, and through D draw DE parallel to BC: then will AE 
_ be the third proportional sought. 
For, since DE is parallel te BC, we have (‘Th. xili) 
BE witli al OF AC EAL } 
_therofore, AE is the third proportional sought 
10 
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PROBLEM III. 
Te find a fourth proportional to the lines A, B, and C. 


Place two of the lines forming an 


—— 


angle with each other at A; that is, p 
make AB equal to A, and AC equal C———— E-\ 
B; also. lay. off AD equal to C. See 
Then join BC, and through D draw A Ee 
DE parallel to BC, and AE will be the fourth proportional 
sought. é 
For, since DE is parallel to BC, we have 
iW oje ee PO Se SoD aA Be 
therefore, A£ 1s the fourth proportional sought. 


PROBLEM IV. 


To find a mean proportional between two given lines, A and B. 


Make AB equal to A, and E 
BC equal to B: on AC de- 
scribe a senucircle. Through 


A 


B 


B draw BE perpendicular to 2 2 


AC, and it will be the mean proportional sought (Th. xviii. Cor). 


PROBLEM V. 


To make a square which shall he equavalent to the sum of twe 


given squares. 


Let A and B be the sides of the 


given squares. | : | 
Draw an indefinite line AB, and 
make AB equal to A. At B draw 
A B 


BC perpendicular to AB. and make 
BC equal to B: then draw AC and the square described or 
AC will be equivalent to the squares on A and B (Th. xii). 
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PROBLEM VI. 


To make a square which shall be equivalent to the difference be 
tween two given squares. 


Let A and B be the sides of 


the given squares. E Le 
Draw an indefinite line, and 
make CB equal to A, and CD (i, a 
equal to B. At D draw DE 
perpendicular to CB, and with C as a centre, and CB asa 
radius, describe a semicircle meeting DE in E, and join CE: 
then will the square described on ED be equal to the differ- 
ence between the given squares. 
For, CE is equal to CB, that is, equal to A, and CD is 
equal to B: and by (Th. xii. Cor.), 


ED=CE’—CD’. 


PROBLEM VII. 


To make a triangle which shall be equivalent to a given quad- 
rilateral. 


Let ABCD be the given quadri- 
lateral. 

Draw the diagonal AC, and through : 2 
D draw DE parallel to AC, meeting 2 A B 
BA produced at E. Join EC: then will the triangle CEB 
be equivalent to the quadrilateral BD. 

For, the two triangles ACE and ADC, having the same base 
AC, and the vertices of the angles D and £ in the same lire 

‘DE parallel to AC, are equivalent (Th. ix). If to each, we 
add ACB, we shall then have the triangle #CB equivalent to 
the quadrilateral BD (Ax. 2). 
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PROBLEM VIII. 


To make a triangle which shall be equivalent to a given polygon. 


Let ABCDE be the polygon. 

Draw the diagonals AD, BD. 
Produce AB in both directions, 
and through C and E draw CG 
and EF, respectively. parallel to 
AD and BD: then join FD and 
DG, and the triangle FDG will be equivalent to the polygon 
ABCDE. 

For, the triangle AZ'D is equivalent to the triangle AFD 
and DBC w DBG (Th. ii); and by adding ADB to the 
equals. we shall have the triangle FDG equivalent to the 
polygon ABCDE. 


PROBLEM IX. 

To make a rectangle that shall be equivalent to a given triangle 
Let ABC be the given triangle. 
Bisect the base AB at D, and draw 

DH perpendicular to AB. Through C, 

the vertex of the triangle, draw CHG 

parallel to AB, and draw BG perpen- 
dicular to it: then will the rectangle 

DG be equivalent to the triangle ABC. 
For, the triangle would be half a rectangle having the sama 

base and altitade: hence, it is equivalent to DG, whose base 

is the half of AB, and altitude equal to that of the triangle. 
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PROBLEM X. 
To inscribe a circle in a regular polygon. 


Bisect any two sides of the polygon 
by the perpendiculars GO, FO, and 
with their point of intersection O, as a 
centre, and OG as a radius describe 
the circumference of a circle—this 
circle will touch all the sides of the 
polygon. 

For, draw OA. Then in the two right angled triangles OAG 
and OAF, the side AO is common, and AG is equal to AF, 
since each is half of one of the equal sides of the polygon: 
hence, OG is equal to OF (BKk.I.Th. xix). . In the same man- 
ner it may be shown that OH, OK and OL are all equal to 
each other: hence, a circle described with the centre O and 
radius OF will be inscribed in the polygon. 

Cor. Hence, also the lines OA, ON &c., drawn to the 
anples of the polygon are equal. 


APPENDIX 
OF THE REGULAR POLYGONS. 


1. na regular polygon the angles are all equal to each 
ether (Def. 3). If then, the sum of the inward angles of a 
regular polygon be divided by the number of angles, the quo- 
tient will be the value of one of the angles. 

But the sum of the inward angles is equal to twice as many 
right angles, wanting four, as the polygon has sides, and we 
shall find the value in degrees by simply placing 90° for the 


right angle. 
10* 
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2. Thus, for the sum of all the angles of an equilateral 
triangle, we have 
6 x 90°—4 x 90° = 540° — 360° = 180° 
and for each angle 
180°—3=60°: 
Hence, each angle of an equilateral triangle, is equal to 6 
degrees. 
’ 3. For the sum of all the angles of a square, we have 
8 x 90°—4 x 90°=720° —360° = 360°, 
and for each of the angles 
360° + 4=90° 
4. For the sum of all the angles of a regular pentagon, we 
have 
10 x 90° —4 x 90°=900°. -360°= 540°, 
and for each angle 
540° +5=108°. 
5. For the sum of all the angles of a regular hexagon, we 
have 
12 x 90°—4 x 90°=1080° — 360° —720°, 
and of each angle 
720° — 6=120°. 
6. For the sum of the angles of a regular heptagon, we 
have 
14x 90°—4x pag igo pag seta 
and for one of the angles 
900° —7=128° 34’+. 
7. For the sum of the angles of a regular octagon, we have 
16 x 90°—4 x 90°=1440° — 360° —1080° : 
and for each angle 
1080° + 8= 135° 
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8. Since the sum of the angles about any point is equal to 
four right angles (Bk. I. TL. ii. Cor. 3), it may be observed that 
there are only three kinds of regular polygors, which can be ~ 
arranged around any point, as C,so as exactly to fill up the 
space. These are, 


First.—Six equilateral triangles, in 
which each angle about C is equal to 
60°, and their sum to 


60° x 6=360. 


Second.- Four squares, in which 
each angle is equal to 90°, and their 


sum to 


90° x 4=360° 


Third.—-Three hexagons, in 


which each angle is equal to 
120, and the sum of the three 


to 
120° x 3= 360°. 
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OF PLANES AND THEIR ANGLES. 
DEFINITIONS. 


1. A straight line is perpendicular to a plane, when it is per- 
pendicular to every straight line of the plane which it meets. 
The point at which the perpendicular meets the plane, is 
called the foot of the perpendicular. 


2. If a straight line is perpendicular to a plene, the plane 
is also said to be perpendicular to the line. 
3. A line is parallel to a plane when it will not meet that 


plane, to whatever distance both may be produced. Con- 
versely, the plane is then parallel to the line. 


4. Two planes are parallel to each other, when they will 
not meet, to whatever distance both are produced. 
5. If two planes are not parallel, they intersect each other 


in a line that is common to both planes: such line is called 
their common intersection. 


6. The space included between two planes is called a 
diedval angle: the planes are the faces of the angle, and 
their intersection the edge. A diedral angle is measured by 
two lines, one in each plane, and both perpendicular to the 
common intersection at the same point. 

This angle may be acute, obtuse, or a right angle. When 


it is a right angle, the planes are said to be perpendicular to 
each other. 
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Let AB be a plane coinciding with H 
the plane of the paper, and ECF a 


Gy 


plane intersecting it in the line FH. 
Now, if from any point of the common 
intersection as C, we draw CD in the 
plane AB, and CE in the plane ECF, 
and both perpendicular to CF st C, 
then will the angle DCE measure the inclination between 


F 


the two planes. 
It should be remembered that the line EC is directly over 


the line CD. 


7. A polyedral angle is the angular 
space included between several planes 
meeting at the same point. 

Thus, the polyedral angle S is formed 
by the meeting of the planes ASB, 
BSC, CSD, DSA. 

8. The angle formed by three planes 
is called a triedral angle. 


THEOREM I. 


Two straight lines which intersect each other, lie in the same 


plane, und determine its position. 


Let AB and AC be two straight lines 
which intersect each other at A. 
Through AB conceive a plane to be 
passed, and iet this plane be turned B C 
around AB until it embraces the point 
C: the plane will then contain the two 
lines AB, AC, and if it be turned either way it will depart ~ 
from the point C, and consequently from the line AC. Hence, 
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the position of the plane is determined 
by the single condition of containing 
the two straight lines AB, AC. 

Cor. 1. A triangle ABC, or three c 
points A, B, C, not in a straight line, 


Noy 


determine the position of a plane. 


Cor. 2. Hence, also, two parallels 
AB, CD determine the position of a 4_ EZ 
plane. For drawing EF, we see that 
the plane of the two straight lines AE, 
EF is that of the parallels AB, CD. 


Q 
ty 


THEOREM II. 


A perpendicular ts the shortest line which can be drawn from a 
point to a plane. 


Let A be a point above the plane 
DE, and AB a line drawn perpen- 
dicular to the plane: then will AR be a 
shorter than any oblique line AC. 


For, through B, the foot of the per- 
pendicular, draw BC to the point 
where the oblique line AC meets the 
plane. 


Now, since AB is perpendicular to 
the plane, the angle ABC will be a 
right angle (Def. 1.), and consequently less than the angle C: 
therefore, AB, opposite the angle C, will be less than AC 
opposite the angle B (Bk. I. Th. xi). 
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Cer Ti is evident that if several lines be drawn from the 
point A to the plane, that those which are nearest the perpen- 
dicular AB, will be less than those more remote. 

Sch. The distance from a point to a plane is measured on 


the perpendicular: hence, when the distance only is named, 
the shortest distance is always understood. 


THEOREM III. 
The common intersection of two planes ts a straight ‘ne. 


Let the two planes AB, CD, cut 


Cc 
each other. Join any two points E 


and F, in the common intersection, 
by the straight line EF. This line 
will lie wholly in the plane AB, and 
also wholly in the plane CD (Bk. 1. | } i 
Def. 7); therefore, it will bein both | ~~-..| "7 
planes at once, and consequently, is 
their common intersection. 


THEOREM IV. 


A straight line which 1s perpendicular to two straight lines at 
their point of intersection, will be perpendicular to the plane of 
those lines. 

Let the line PA be perpen- 
dicular to the two lines AD, 
AB: then will it be perpendic- 
ular to the plane BC which con- 
tains them. 

For, if AP is not perpendicular 
to the plane BC, suppose a plane 
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to be drawn through A, that shall Pp 
be perpendicular to AP. 


Now, every line drawn through D 
A, and perpendicular to AP, 
will be a line of this last plane 4 
(Def. 1): hence, this last plane 
will contain the lines AB, AD, B 
and consequently, a line which is perpendicular to two linos 
at the point of intersection, will be perpendicular to the plane 
of those lines. 3 


THEOREM V. 


If two straight lines are perpendicular to the same plane they 
will be parallel to each other. 


Let the two lines AB, CD, be 
perpendicular to the plane EF: 
then will they be parallel to each 
other. 


For, join B and D, the points 
in which the lines meet the 
plane EF. 


Then, because the lines AB, CD, are perpendicular to the 
plane ZF, they will be perpendicular to the line BD (Def. 1). 
Now, if BA and DC are not parallel, they will meet at soine 
point as O- then, the triangle OBD would have two right 
angles, which is impossible (Bk. I. Th. xvii. Cor. 4), 

Cor. If two lines are parallel, and one of them 1s perpe:- 
dicular to a plane, the other will also be perpendicular to the 
same plane. 
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THEOREM VI. 


If two planes intersect each other at right angles, and a line 
be drawn in one plane perpendicular to the common intersection, 
this line will be perpendicular io the other plane. 


Let the plane FE be perpen- 
dicular to MN, and AP be drawn 
in the plane FE, and perpen- 
dicular to the common intersec- 
tion DE: then will AP be per- 
pendicular to the plane MN. 

For, in the plane MN draw 
CP perpendicular to the common 
intersection DE. Then, because the planes MN and FE are 
perpendicular to each other, the angle APC, which measures 
their inclination, will be a right angle (Def. 6). Therefore, 
the line AP 1s perpendicular to the two straight lines PC and 
PD; hence, it is perpendicular to their plane MN (Th. iv). 


THEOREM VII. ° 


If one plane intersect another plane, the sum of the angles on 
the same side will be equal to two right angles. : 


Let the plane GEF intersect 
the plane AB in the line FE: 
then will the sum of the two 
angles on the same side be equal 
to two right angles. 

For, from any point, as £, in 
the common intersection, draw 
the lines EG and DEC, one in each plane, and botn perpen- 
dicular to the common intersection at EZ. Then, the line GZ 
makes, with the line DEC, two angles, which together are 
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equal to two right angles (Bk I 
Th. ii): but these angles measure 
the inclination of the planes ; there- 
fore, the sum of the angles on the 
sume side, which two planes make 
with each other, is equal to two 
right angles. 


Cor. In like manner it may be demonstrated, that planes 
which intersect each other have their vertical or opposite 
angles equal. 


THEOREM VIII. 


Two planes which are perpendicular to the same straight tine are 
parallel to each other. 


Let the planes MN and PQ | 
be perpendicular to the line AB: ass 
then will they be parallel. S 

For, if they can meet any 
where, let O be ond: of their 
their common. points, and draw 
OB, in the plane PQ, and OA, 
in the plane MN. 

Now, since AB is perpendicular to both planes, it will 
be perpendicular to OB and OA (Def. 1): hence, the triangle 
OAB will have two right angles, which is impossible (Bk. I. 
Th. xvii. Cor. 4); therefore, the planes can have no point, as 
©, in common, and consequently, they are parallel (Def. 4). 


THEOREM IX. 


ifa poe cuts two parallel planes, the lines of intersection will 
be parallel. 
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Let the parallei planes MN and 
PA be intersected by the plane 
EH: then will the lines of inter- 
section EF, GH, be parallel. 

For, if the lines EF, GH, were 
not parallel, they would meet each 
other if sufficiently produced, since 


they lie in the same plane. If this 
were so, the planes MN, PA, would 
meet each other, and, consequently, could not be parallel 


P H 


which would be contrary to the supposition. 


THEOREM X. 


[f two lines are parallel to a third line, though not in the same 
plane with it, they will be parallel to each other. 


Let the lines AB and CD be each A E Cc 
parallel to the third line EF, though 
not in the same plane with it: then 
will they be parallel to each other. 

For, since EF and CD are parallel, vi 
they will lie in the same plane FC 
(Th. i. Cor. 2), and AB, EF wiil also 
lie in the plane EB. 

At any point, G, in the line EF, let GI and GH be drawn 
in the planes FC, BE, and each perpendicular to FE at G. 

Then, since the line EF is perpendicular to the lines GH 
G1, it will be perpendicular to the plane HGJ (Th. iv). And 
since F'E is perpendicular to the plane HG/J, its parallels 
AB and DC will also be perpendicular to the same plane 
(Th. v). Hence, since the two lines AB, CD, are both per- 
pendicular to the plane WGI, they will be parallel to each other 


G 


B F D 
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If two angles, not situated in the same plane, have their sides 
perallel and lying in the same direction, the angles will be 


equal. 

Let the angles ACE and BDF 
have the sides AC parallel to BD, G 
and CE to DF: then will the angle RiGee = 
ACE be equal to the angle BDF. joe \ 

For, make AC equal to BD, and 
CE equal to DF, and join AB, CD, 
and EF’; also, draw AE, BF. 

Now since AC is equal and par- 
allel to BD, the figure AD will be a 
parallelogram (Bk. I. Th. xxv); there- 
fore, AB is equal and parallel to CD. 

Again, since CE is equal and parallel to DF, CF will be 
a parallelogram, and EF will be equal and parallel to CD. 
Then, since AB and EF are both parallel to CD, they will 
be parallel to each other (Th. x); and since they are each 
equal to CD, they will be equal to each other. Hence, the 
figure BAEF is a parallelogram (Bk. I. ‘Th. xxv), and conse- 
quently, AZ is equal to BF. Hence, the two triangles ACE 
and BDF have the three sides of the one equal to the three 
sides of the other, each to each, and therefore the angle ACE 
is equal to the angle BDF (Bk. I. Th. viii). 


THEOREM XII. 


If two planes are parallel, a straight line which is perpendicular 
to the one will also be perpendicular to the other. 
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Let MN and PQ be two par- 
allel planes, and let AB be per- 
pendicular to MN: then will it 
be perpendicular to PQ. 

For, draw any line, BC, in the 
plane PQ, and through the lines 
AB, BC, suppose the plane 


ABC to be drawn, intersecting 
the plane JN in the line AD: then, the intersection AD will 
be parallel to BC (Th. ix). But since AB is perpendicular 
to the plane WW, it will be perpendicular to the straight line 
AD, and consequently, to its parallel BC (Bk. I. Th. xii. Cor.) 

In like manner, AB might be proved perpendicular to any 
other line of the plane PQ, which should pass through B; 
hence, it is perpendicular to the plane (Def. 1). 

Cor. If from ariy point as H, 
any oblique lines, as HH, HDC, 
be drawn, the parallel planes will 
cut these lines proportionally. 

For, draw HAB perpendicular 
to the plane MM: then, by the 
theorem, it will also be perpendi- 
cular to PQ. Then draw AD, AZ, 
BO, BF. Now, since AZ, BF, 
‘are the intersections of the plane 
FHB, with the two parallel planes MV, PQ, they are paral- 
lel (Th. ix.); and so also are AD, BC. 

Then, HA APB a oS PELE, 
and HA SHB ee HDs 6G, 
hence HE 2h ses: HC 

ELS 
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OF SOLIDS. 
DEFINITIONS. 


1. Every solid bounded by planes is called a polyedron. 


2. The planes which bound a polyedron are called faces. 
The straight lines in which the faces intersect each other, 
are called the edges of the polyedron, and the points at which 
the edges intersect, are called the vertices of the angles, or 
vertices of the polyedron. 


3. Two polyedrons are similar, when they are contained by 
the same number of similar planes, and have their polyedral 
angles equal, each to each. 

4, A prism is a solid, whose ends 
are equal polygons, and whose side 
faces are parallelograms. 

Thus, the prism whose lower base 
is the pentagon ABCDE, terminates 
in an equal and parallel pentagon 
FGHIK, which is called the upper 
base. The side faces of the prism 
are the parallelograms DH, DK, EF, 


AG, and BH. These are called the convex, or lateral surface 
of the prism 
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5. The altitude of a prism is the distance between its upper 
and lower bases: that is, it is a line drawn from a point of the 
apper base, perpendicular, to the lower base 


6, A right prism is one in which 
the edges AF, BG, EK, HC, and 
DI, are perpendicular to the bases, 
In the right prism, either of the per- 
pendicular edges is equal to the 
altitude. In the oblique prism the 
_ altitude is less than the edge. 


7. A prism whose base is a triangle, is called a triangular 
prism ; if the base is a quadrangle, it is called a quadrangular 
prism; if a pentagon, a pentagonal prism; if a hexagon a 
hexagonal prism; &c. . 


8. A prism whose base is a parallelo- 
gram, and all of whose faces are also 
parallelograms, is called a parallelopipe- 
don. If all the faces are rectangles, it is 
called a rectangular parallelopipedon. 


9. If the faces of the rectangular par- 
allelopipedon are squares, the solid is 
called a cube: hence, the cube is a prism 
bounded by six equal squares 
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10. A pyramid is a solid, formed by 
several triangles united at the same 
point S, and terminating in the differ- 
ent sides of a polygon ABCDE. 

The polygon ABCDE, is called the 
base of the pyramid; the point S, is 
called the vertex, and the triangles 
ASB, BSC, CSD, DSE, and ESA, 
form its lateral, or convex surface. 


11. A pyramid whose base is a triangle, is cafled a trzan- 
gular pyramid; if the base is a quadrangle, it is called a 
quadrangular pyramid ; if a pentagon, it is called a petagenal 
pyramid; if the base 1s a hexagon, it is called a hexagonal 
pyramid; &c. 


12. The altitude of a pyramid, is the 
perpendicular let fall from the vertex, 
upon the plane of the base. Thus, 
SO is the altitude of the ame 

S-~-ABCDE. 


13. When the base of a pyramid is a regular polygen, and 
the perpendicular SO passes through the middle point of the 
base, the pyramid is called a right pyramid, and the line 
SO is called the azis. 
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14. The slant height of a right 
pyramid, is a line drawn. from the ver- 
tex, perpendicular to one of the sides 
of the polygon which forms its base. 
Thus. Sf is the slant height of the 
pyramid S—ABCDE. 


15. If from the pyramid S--ABCDE 
the pyramid S—abcde be cut off by a 
plane parallel to the base, the remain- 
ing solid, below the plane, is called 
the frustum of a pyramid. 

The altitude of a frustum is the per- 
pendicular distance between the upper 
and lower planes. 


16. A Cylinder is a solid, described by 
the revolution of a rectangle, AE FD, 


about a fixed side, EF. 


As the rectangle AE FD, turns around 
the side EF, like a door upon its hinges, 
the lines AE and FD describe circles, 
and the line AD describes the convex sur- 


face of the cylinder. 


Tho circle described by the line AZ, is called the lower 
base of the cylinder, and the circle described by DF, is called 


the upper base. 
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The immovable line EF is ealled the axis of the cylinder 


A cylinder, therefore, is a round body with circular ends 


17. If a plane be passed through the 
axis of a cylinder, it will intersect the cylin- 
der in a rectangle, PG, which is double 
the revolving rectangle DZ, 


18. If a cylinder be cut by a plane par- 
allel to the base, the section will be a cir- 
cle equal to the base. For, while the 
side F'C, of the rectangle MC, describes 
the lower base, the equal side MP, will 
describe the circle MLKN, equal to the 
lower base. 


19. If a polygon be inscribed in the 
lower base of a cylinder, and a corres- 
ponding polygon be inscribed in the upper 
base, and their vertices be joined by 
straight lines, the prism thus formed is 
said to be inscribed in the cylinder. 


P 


D 
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20. A cone is a solid, described by 
the revolution of a right angled triangle, 
ABC, about one of its sides, CB. 

The circle described by the revolving 
side, AB, is called the base of the cone. 

The hypothenuse, AC, is called the 
slant height of the cone, and the surface 
described by it, is called the* convex 


surface of the cone. 

The side of the triangle, CB, which remains fixed, is called 
the axis, or altitude of the cone, and the point C, the vertex 
of the cone. 


21. If a cone be cut by a plane par- 


allel to the base, the section will be a Ss 
circle. For, while in the revolution of 

the right angled triangle SAC, the line j; 
CA describes the base of the cone, its F 


parallel FG will describe a circle 
FKHI, parallel to the base. If from 

the cone.S—CDB, the cone S—FKH ¢ 
be taken away, the remaining part is 
called the frustum of the cone. 


po 
se] 


22. If a polygon be inscribed 
in the base of a cone, and straight 
lines be drawn from its vertices 
to the vertex of the cone, the pyra- 
mid thus formed is said to be in- 
scribed in the cone. Thus, the 
pyramid S—ABCD is inscribed in — 
the cone. 
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23. Two cylinders are similar, when the diameters of their 
bases are proportional to their altitudes. 


24. Two cones are also similar, when the diameters of their 
bases are proportional to their altitudes. 


25. A sphere is a solid terminated by a curved surface, all 
the points of which are equally distant from a certain point 
within called-the centre. 


26. The sphere may be described 
by revolving a semicircle, ABD, 
about the diameter AD. The plane 
will describe the solid sphere, and 


the semicircumference ABD will 
describe the surface. 


27. The radius of a-sphere is a 
line drawn from the centre to any 
point of the circumference. Thus, 
CA is a radius. 


28. The diameter of a sphere is 
a line passing through the centre, 
and terminated by the circumfer- 
ence. Thus, AD is a diameter. 
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29. All diameters of a sphere are equal to each other; and 
each is double a radius. 


30. The axis of a sphere is any line about which it re- 
volves ; and the points at which the axis meets the surface, 
are called the poles. 


31. A plane is tangent to a sphere 
when it has but one point in com- 
mon with it. Thus, AB is a tan- 
gent plane, touching the sphere at B. 


32. A zone is a portion of the sur- 
face of a sphere, included between 
two parallel planes which form its 
bases. - Thus, the part of the surface 
included between the planes AE 
and DF is a zone. The bases of 
this zone are the two circles whose 
diameters are AZ and DF. 


33. One of the planes which 
bound a zone may become tangent 
to the sphere; in which case the 
zone will have but one base. Thus, 
if one plane be tangent to the sphere 
at A, and another plane cut it in the 
circle DF, the zone included be- 
tween them, will have but one base. 

12 
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34. A spherical segment is a portion of the solid sphere in- 
cluded between two parallel planes. These parallel planes 
are its bases. If one of the planes is tangent to the sphere, 
the segment will have but one base. 


35. The altitude of a zone or segment, is the distance be- 
tween the parallel planes which form its bases. 


THEOREM I. 


The convex surface of a right prism is equal to the perimeter of 
its base multiplied by its altitude. 


Let ABCDE—K be a right 
prism: then will its convex surface 
be equal to F 

(AB+ BC+ CD+DE+EA)x AF. 


For, the convex surface is equal 
to the sum of the rectangles AG, a a 
BH, Cl, DK, and EF, which com- A : ID 
pose it; and the area of each rectan- 
gle is equal to the product of its base B C 
by its altitude. But the altitude of each rectangle is equal to 
the altitude of the prism: hence, their areas, that is, the con- 
vex surface of the prism, is equal to 

(AB+ BC+ CD+DE+L£A)x AF; 


that is, equal to the perimeter of the base of the prism multi- 
plied by its altitude. 


THEOREM Il. 


The convex surface of a cylinder is equal to the circumference of 
its base multiplied by its altitude. 
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Let DB be acylinder, and AB the 
diameter of its base: the convex sur- 
face will then be equal to the altitude 
AD) multiplied by the circumference 
of the base. 

For, suppose a regular prism to be 


inscribed within the cylinder. Then, 


the convex surface of the prism will be 
equal to the perimeter of the base mul- 
tiplied by the altitude (‘Th. i). But the altitude of the prism 
is the same as that of the cylinder; and if we suppose the 
sides of the polygon, which forms the base of the prism, to 
be indefinitely increased, the polygon will become the circle 
(Bk. IV. Th. xxiii. Sch.), in which case, its perimeter will become 
the circumference, and the prism will coincide with the cylinder. 
But its convex surface is still equal to the perimeter of its base 
multiplied by its altitude: hence, the convex surface of a cylin- 
der is equal to the circumference of its base multiplied by its al- 


titude. 
THEOREM III. 


In every prism the sections formed by planes parallel to the base 
are equal polygons. 


Let AG be any prism, and JL a sec- 
tion made by a plane parallel to the 
base AC: then will the polygon JL 
be equal to AC. 

For, the two planes AC, JL, being 
parallel, the lines AB, IK, in which 
they intersect the plane AF, will also 
be parallel (Bk. V. Th. ix). For a 
like reason, BC and KI will be par- 
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allel; also, CD will be parallel to LM, 


and AD to IM. eae 
But, since AJ and BK are parallel, iat 


the figure AA is a parallelogram: 

hence AB is equal to JK (Bk. I. N\ 
Th. xxiii). In the same way it may be 

shown that BC is equal to KL, CD to 

LM, and AD to IM. 


A 
But, since the sides of the polygon ree ty 
B C 


AC are respectively parallel to the 


L 


sides of the polygon JL, it. follows that their corresponding 
angles are equal (Bk. V. Th. xi), viz., the angle A to the angle 
I, the angle B to K, the angle C to L, and the angle M to D; 
hence, the polygon JL is equal to AC. 


Sch. It was shown in Definition 18, that the section of a 
cylinder, by a plane parallel to the base, is a circle equal to 
the base. 


THEOREM Iv. 

If a pyramid be cut by a plane parallel to the base, 

I. The edges and altitude will be divided proportionally. 

II. The section will be a polygon similar to the base. 

Let the pyramid S—ABCDE, of Ss 
which SO is the altitude, be cut by the 
plane abcde parallel to the base: then 
will, 

302 NAS Soe SA: 
and the same for the other edges; and 
the polygon abcde will be similar to the 
base ABCDE. 

First. Since the planes ABC and abe 


C 
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are parallel, their intersections, AB, ab, by the-plane SAB, 
will also be parallel (Bk. V. Th. ix); hence, the triangles 
SAB, sab, are similar, and we have 
EN ORS SY SUE SUE SO Rm 
for a similar reason, we have 
SBE evict TS Crest Ges 
and the same for the other edges: hence, the edges S.A, SB, 
SC, &c., are cut proportionally at the points a, 8, c, &c. 
The altitude SO is likewise cut proportionally at the point 
The altitude SO is likewise cut in the same proportion at 
the point 0; for, since BO is parallel to 60, we have 


DO ae Oe 2 eS Die OU 
Secondly. Since ab is parallel to AB, be to BC, cd to CD 
&c.; the angle abc is equal to ABC, the angle bed to BCD, 


and so on (Bk. V. Th. xi). 
Also, by reason of the similar triangles, SAB, Sab, we have 


CAND Mec ee ID. SFIS; 

and by reason of the similar triangles SBC, Shc, we have 
ASVaY WS Ge WEES aoe Vine 

hence (Bk. III. Th. v), 
NIE. 9 Gli. SB PHOS URS 

and for a similar reason, we also have 

Bee vlcms: CD Seca OC. 
Hence, the polygons ABCDE, abcde, having their angles 


respectively equal, and their homologous sides proportional, 


are similar. 


12” 
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THEOREM V. 


If two pyrumids, having equal altitudes and their bases in the 
sume plane, be intersected by planes parallel to the plane of the 
bases, the sections in each pyramid will be proportional to the bases, 


Let S—ABCDE, and 
S-—XYZ, be two pyra- 
mids, having a common 
vertex, and their bases sit- 
uated in the same plane. 
If these pyramids are cut 
by a plane parallel to the 
plane of their bases, giv- 
ing the sections abcde, 


ryz, then will the sections 
abcde, xyz, be to each other as the bases ABCDE, XYZ. 

For, the polygos ABCDE, abcde, being similar, their sur- 
faces are as the squares of the homologous sides AB, ad; 
but ABx 2 sabi Ae, tae > 
hence, ABCDE : abcde :: SA tee, 
For the same reason, 

XVZ. 2 - aya 3: SX : Sz”. 

But since abe and xyz are in one plane, the lines S.A, Sa, SX, 
Sz, are proportional to SO, So: (Bk. V. Th. xii. Cor.), therefore, 
Ny SRS NY Boo gs ir. Ole ewe 

hence, ABCDE : abtde 2 “XYA> 2 Sty. 
consequently, the sections abcde, xyz, are to each other as the 
bases ABCDE, XYZ. 

Cor. If the bases ABCDE, XYZ, are equivalent, any sec- 
tions abede, xyz, made at equal distances from the bases, will 
be also equivalent 
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The convex surface of « right pyramid is equal to half the pro- 
duct of the perimeter of its base multiplied by the slant height. 


Let S—ABCDE be a right pyra- 
mid, SF’ its slant height: then will its 
convex surface be equal to half the 
product 


SFx(4B+BC+CD+DE+EA). 


For, since the pyramid is right, the 
point O, in which the axis meets the 
base, is the centre of the polygon 
ABCDE;; hence, the lines OA, OB, 
&c. drawn to the vertices of the base, 
are equal (Bk. IV. prob. x. Cor). 


Now, in the right angled triangles SAO, SBO, the bases 
and perpendiculars are equal: hence, the hypothenuses are 
equal; and in the same way it may be proved that all the 
edges of the pyramid are equal. The triangles, therefore, 
which form the convex surface of the prism, are all equal to 
each other. . 

But the area of either of these triangles, as SAB, is equal — 
to half the product of the base 4B, by the slant height of the 
pyramid SF’; hence, the area of all the triangles, which form 
the convex surface of the pyramid, is equal to half the product 


of the perimeter of the base by the slant height. 


THEOREM VII. 
The convex surface of the frustum of a regular pyramid is 


equal to half the sum of the perimeters of the upper and lower 
bases multiplied by the slant height. 
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Let a—ABCDE be the frustum of a 
regular pyramid: then will its convex 
surface be equal to half the product of 
the perimeter of its two bases multi- 
plied by the slant height Ff. 

_ For, since the upper.base abcde, is 
similar to the lower base ABCDE 
(Th. iv), and since ABCDE is a regular polygon, it follows 
that the sides ab, be, cd, de, and ea, are all equal to each other. 

Hence, the trapezoids EAae, ABba, &c., which form the 
convex surface of the frustum are equal. But the perpen- 


dicular distance between the parallel sides of these trapezoids 
is equal to Ef, the slant height of the frustam. 

Now, the area of either of the trapezoids, as A Fea, is equal 
to half the product of I'fx(EA-+ea) (Bk. IV. Th. x): hence, 
the area of all of them, that is, the convex surface of the 
frustum, is equal -to half the sum of the perimeters of the 
upper and lower bases, multiplied by the slant height. 


THEOREM VIII. 


The convex surface of a cone is equal to half the product of the 
circumference of the base multiplied by the slant height. 


In the circle which forms the base 
of the cone, inscribe a regular poly- 
gon, and join the vertices with the 
vertex S, of the cone We shall 
then have a right pyramid in- 
scribed in the cone. 


The convex surface of this pyra- 
mid will be equal to half the product 


BOOK Vl. 14] 


Of the Cone. 


of the perimeter of the base by the 
slant height (Th. vi). 

Let us now suppose the number 
of sides of the polygon to be indefi- 
nitely increased: the polygon will 
then coincide with the base of the _ 
cone, the pyramid will become the ~ 
cone, and the line Sf which meas- 
ures the slant height of the pyramid, 
will then measure the slant height 
of the cone. 

Hence, the convex surface of the cone is equal to half the 
product of the slant height by the circumference of the base. 


THEOREM 1X. 


The convex surface of the frustum of a cone is equal to half 
the sum of the circumferences of its two bases multiplied by the 
slant height. 

For, if we suppose the frustum of 
a right pyramid to be inscribed in 
the frustum of a cone, its convex 
surface will be equal to half the pro- 
duct of its slant height by the perim- 
eters of its two bases. But if we 


increase the number of sides of the 
polygon indefinitely, the frustum of the pyramid will become 
the frustum of the cone: hence, the area of the frustum of the 
cone is equal to half the sum of the circumferences of its two 
bases multiplied by the slant height. 


tie 
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THEOREM X. 


Two rectangular parallelopipedons, having equal altitudes and 


equal bases, are equal. 


Let E—ABCD, and F—KG4HI, be two rectangular par 
allelopipedons having equal fF 
bases. AC and KH, and equal : 
altitudes, AH-and KF: then 
will they be equal. 


For, apply the base of the 
one parallelopipedon to that 


Al 
of the other, and since the bases are equal, they will.coincide 

Again, since the edges are perpendicular to the bases, the 
edges of the one parallelopipedon will coincide with those of 
the other; and since the altitude AE is equal to KF, the 
planes of the upper bases will coincide. Hence, the paral- 
lelopipedons will coincide, and consequently they are equal. 


THEOREM XI. 


Two rectangular parallelopipedons, which have the same base, are 
to each other as their altitudes. 

Let the parallelopipedons AG, AL, 
have the same base BD, then will they 
be to each other as their altitudes AE 
Al. 


Suppose the altitudes AEF, AJ, to 
be to each other as two whole num- 
bers, as 15 is to 8, for example. Di- 
vide AE into 15 equal parts, whereof 
AI will contain 8; and through a. y, z, 
&c., the points of division, draw planes 


E vei 
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parallel. to the base. These planes 
will cut the solid AG into 15 partial 
parallelopipedons, all equal to each 
other, because they have equal bases 
and equal altitudes--equal bases, since 
every section, JL, made parallel to 
the base BD, of a prism, is equal 
.to that base; equal altitudes, because 
the altitudes are the equal divisions Az, 
zy,yz, &c. But of these 15 equal par- 
allelopipedons, 8 are contained in AL; 


hence, soid AG ; selid AL :: 


or generally, 
solid AG : solid AL :: 


THEOREM XE. 


Two regular parallelopipedons, having the same altitude, are ta 
each other as their bases. 


Let the parallelopipe- 
dons AG, AK, have the 
same altitude AE; then 
will they be to each 
other as their bases AC, 
AN. 

Having placed the two 
solids by the side of each 
other, as the figure re- 
presents, produce the 
plane ONKL until it 
meets the plane DCGH 
in PQ; you will thus 


/ 
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have a third parallelo- 
pipedon AQ, which may 
be compared with each 
of the parallelopipedons 
AG,AK. The two sol- 
ids AG, AQ, having the 
same base AHHD, are 
to each other as their 
altitudes AB, AO; in 
like manner, the two ) 
solids AQ AK, having 
the same base AOLE, 
are to each other as their 
altitudes AD, AM. 
Hence, we have the two proportions, 
sokd AG ~:—-sold AQe =: A baa: 
solid AQ : solid AK <> "AD~ = AM. 
Multiplying together the corresponding terms of these pro- 
portions, and omitting the common multiplier solid AQ, we have 
solid AG : sohd AK :: ABXAD :° AOXAM. 

But ABx.AD represents the base ABCD; and AOx AM 
represents the base AMNO: hence, two rectangular parallel- 


opipedons of the same altitude are to each other as their bases. 


THEOREM XIII. 
Any two rectangular parallelopidedons are to each other as the 
products of their three dimensions. 


For, having placed the two solids AG, AZ, (see next figure) 
so that their surfaces have the common angle BAE, produce 
the planes necessary for completing the third parallelopipedon 
AK, having the same altitude with the parallelopipedon AG, 
By the last proposition we shall have the proportion, 
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solid AG : solid AK :: ABCD : AMNO 


yD} 


But the two paral- 
* Jelopipedons AK, AZ, 
having the same base 
AMNO, are to each 
other as their altitudes 
AE, AX; hence, we 
¢ 
Lave 


solid AK : soid AZ :: AE : AX. 

Multiplying together the corresponding terms of these pro- 
portions, and omitting in the result the common multiplier 
solid AK, we shall have 

solid AG : solid AZ :: ABCDXAE : AMNOXAX. 

Instead of the bases ABCD and AMNO, put ABx AD 
and AO x AM, and we have 
solid AG : solid AZ +: ABXADXAE : AOXAMXAX. 


Hence, any two rectangular parallelopipedons are to each 
other as the product of their three dimensions. 


Sch. We are consequently authorized to assume, as tlic 
measure of a rectangular parallelopipedon, the product of its 


three dimensions. 
In order to comprehend the nature of this measurement, it 


is necessary to reflect, that the number of linear units in one 
13 ; 
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dimension of the base multiplied by the number of linear units 
of the other dimension of the base, will give the number of 
superficial units in the base of the parallelopipedon (Bk. 1V 
Th. vi. Sch). For each unit in height, there are evidently as 
many solid units as there are superficial units in the base. 
Therefore, the product of the number of superficial units in the 
base multiplied by the number of linear units in the altitude 
is the number of solid units in the parallelopipedon. 

If the three dimensions of another parallelopipedon are valued 
according to the same linear unit, and multiplied together in 
the same manner, the two products will be to each other as 
the solids, and will serve to express their relative magnitude. 

Let us illustrate this by an example. 

Let ABCD be the base of a 
. parallelopipedon, and suppose 
AB=4 feet, and BC=3 feet. 
Then the number of square feet 
in the base ABCD will be equal 
to 3x4—12 square feet 

Therefore, 12 equal cubes of 1 


foot each, may be placed by the 
side of each other on the base. If thé parallelopipedon be 1 
foot in height, it will contain 12 cubic feet; were it 2 feet in 
height, it would contain two tiers of cubes, or 24 cubic feet; 
were it 3 feet in height, it would contain three tiers of cubes, 
or 36 cubic feet. 

The magnitude of a solid, its volume or extent, forms wha* 
.8 called its solidity ; and this word is exclusively employed 
to designate the measure of a solid; thus, we say the solidity 
ofa rectangular parallelopipedon is equal to the product of iis 
base by its altitude, or to the product of its three dimensions - 
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As the cube has all its three dimensions equal, if the side 
is 1, the solidity will be ix1x1=1; if the side is 2, the 
solidity will be 2x2x2=8; if the side is 3, the solidity 
will be 3X3x3=27; and so on: hence, if the sides of a 
series of cubes are to each other as the numbers 1, 2, 3, &e. 
the cubes themselves, or their solidities, will be as the numn- 
bers 1, 8, 27, &c. Hence it is, that in arithmetic, the cube of 
a number is the name given to a product which results from 
three factors, each equal to this number. 


THEOREM XIV. 
Uf a parallelopipedon, a prism, and a cylinder, have equivalent 
bases and equal altitudes, they will be equivalent. 
Let F—ABCD, be a parallelopipedon; F—ABCDEL, a 
prism; and D—ABC, a cylinder, having equivalent bases 
and equai altitudes: then will they be equivalent. 


For, since their bases are equivalent they will contain the 
same number of units of surface (Bk. IV. Def. 9). Now, 
for each unit of height there will be one tier of equal cubes 
in each.solid, and since the altitudes are equal, the number of 
tiers in each solid will be equal: hence, the solidities will be 
equal, and therefore the solids will be equivalent. 


Cor Hence, we conclude, that the solidity of a prism or 
cylinder is equal to the area of its base multiplied by its 


altitude. 
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—a 


THEOREM XV. 


Tw triangular pyramids, having equivalent bases and equal 


altitudes, are equivalent, or equal in solidity. 


Let their equivalent bases, ABC, abc, be situated in the 
same plane, and let AT’ be their conmmon altitude. If they 
are not equivalent, let S—abc be the smaller; and suppose 
Aa to be the altitude of a prism, which, having ABC for its 
base, is equal to their difference. 

Divide the altitude AT’ into equal parts Ax, ry, yz, &c., 
each less than Aa, and let k be one of those parts: through 
the points of division pass planes parallel to the plane of the 
bases: the corresponding sections formed by these planes in 
the two pyramids will be respectively equivalent, namely, 
DEF to def, GHI to ghi, &c. (Th. v. Cor.) 
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This being granted, upon the triangles ARC, DEF, GH, 
&c., taken as bases, construct exterior prisms having for 
edges the parts AD, DG, GK, &c., of the edge SA; in -ike 
manner, on bases def, ghi, klm, &c., in the second pyramid, 


construct interior prisms, having for edges he corresponding 
parts of Sa. It is plain that the sum of the exterior prisms of 
the pyramid S—ABC will be greater than the pyramid; while 
the sum of the interior prisms of the pyramid S—abdc, will be 
less than the pyramid. Hence, the difference-between these 
sums will be greater than the difference between the pyramids. 

Now, beginning with the bases ABC, abc, the second ex: 
terior prism 1 /'D—G is equivalent to the first interior prism 
efd—a, because they have the same altitude &, and their bases 
DEF, def, are equivalent; for like reasons, the third exterior 
prism H/G—K, and the second interior prism hig—d, are 
equivalent; the fourth exterior and the third interior; and so 
on, to the last of each series. Hence, all the exterior. prisms 
of the pyramid S—ABC, excepting the first prism BCA—D, 
have equivalent corresponding ones in the interjor prisms 01 
the pyramid S—abe: hence, the prism BCA—D is the differ- 
ence between the sum of all the exterior prisms of the pyramid 
S—ABC, and of the interior prisms of the pyramid S—abe 
But this difference has already been proved to be greater than 
~ that of the two pyramids: which, by supposition, differ by 
the prism a—ABC: hence, the prism BCA—D, must be 
greater than the prism a—ABC. But in reality it is less, for 
they have the same base ABC, and the altitude Aa, of the 
first, is less than Aa, the altitude of the second. Hence, the 
supposed inequality between the two pyramids cannot exist; 
hence, the two pyramids; S—ABC, S—abc, having equal al- 
titudes and equivalent bases, are themselres equivalent. 

SP ca 
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THEOREM XVI. 
Every triangular pyramid is a third part of a triangular prism 


which has an equal base and the same altitude. 


Let F—ABC be a trian- E 
gular pyramid, ABC—DEF 
a triangular prism of the 


same base and the same al- 
titude: the pyramid will be 
equal to a third of the prism. 

Cut off the pyramid /— 
ABC from the prism, by the A 
plane FAC; there will re- 
main the solid F—ACDE, 
which may be considered 
as a quadrangular pyramid, whose vertex is F’, and whose 
base is the parallelogram ACDE. Draw the diagonal CE, 
and pass the plane CE, which will cut the quadrangular 
_ pyramid into two triangular ones, F-ACE, F-CDE. These 
two triangular pyramids have for their common altitude tho 
perpendicular let fall from F on the: plane ACDE; and 
their bases are also equal, being halves of the parallelogram 
AD: hence, the pyramid F—ACE, and the pyramid F-CDE, 
are equivalent (Th. xv). 

But the pyramid F—CDE, and the pyramid F—ABC, have 
equal bases, ABC, DEF; they have also the same altitude, 
namely, the distance between the parallel planes ABC, DEF, 
hence, the two pyramids are equivalent. Now, the pyramid 
F—CDE has already been proved equivalent to F—ACE ; 
hence, the three pyramids F—-ABC, F—CDE, F—ACE, 
which compose the prism ABC—DEF are all equivalent 


i“ 
B 
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Hence, the pyramid F—ABC is the third part of the prism 
ABC—DEF, which has an equal base and the same altitude. 


Cor. The solidity of a triangular pyramid is equal to a third 
part of the product of its base by its altitude. 


THEOREM XVII. 


The solidity of every pyramid is equal to the base multiphed by 
a third of the altitude. 

Let S—ABCDE be a pyramid. 

Pass the planes SEB, SEC through 
the diagonals EB, EC; the polygonal 
pyramid S—ABCDE will be divided 
into several triangular pyramids all 
having the same altitude SO. But 
each of these pyramids is measured by 
multiplying its base ABE, BCE, or 
CDE, by the third part of its altitude © 
SO (Th. xvi. Cor.); hence the sam 
of these triangular pyramids, or the polygonal pyramid 
S—ABCDE, will be measured by the sum of the triangles 
ABE, BCE, CDE, or the polygon ABCRE, multiplied by 
one third of SO. 


Cor. 1. Every pyramid is the third part of the pism which 


has the same base and the same altitude. 

Cor. 2. Two pyramids having the same altitude, are to 
each other as their bases. 

Cor,_3. Two pyramids having equivalent bases, are to each 
other as their altitudes. 

Cor. 4. Pyramids are to each other as the produets of their 
bases by their altitudes. 
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THEOREM XVIII. 


The solidity of a cone is equal to one third of the product of tie 
base multiplied by the altitude. 


Let ABCDE be the base, S the 
vertex, and SO the altitude of the 
cone: then will its solidity be equal 
to one third the product of its base 
by its altitude SO. 

Inscribe in the base of the cone , 
any regular polygon, ABCDZ, and A 
join the vertices A, B, C, &c., with 
the vertex S, of the cone; then will 


there be inscribed in the cone a right pyramid, having 
for its base the polygon ABCDE. ‘The solidity of this 
pyramid is equal to one third of the base multiplied by the 
altitude (Th. xvii). - 

Let now, the number of sides of the polygon be indefinitely 
increased: the polygon will then become equal to the circle, 
and the pyramid and cone will coincide and become equal. 
But the solidity of the pyramid will still be equal to one third 
of the product of the base multiplied by the altitude, whatever 
be the number of sides of the polygon which forms its base; 
hence, the solidity of the cone is equal to one third of the 
product of its base multiplied by its altitude. 


Cor. 1. A cone is the third part of a cylinder having the 
same base and the same altitude; whence it follows: 

1st, That cones of equal altitudes are to each other as their 
bases. 

2nd, That cones of equal bases are to each other as their 
altitudes, 
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Cor. 2. The solidity of a cone is equivalent to the solidity 
-of a pyramid having an equivalent base and the same altitude. 


THEOREM XIX. 


Sinular prisms are to each other as the cubes of their homologous 


a> 


edges. 


Let ABC--D, EFG—H be 
similar prisms: then we shall 
have 


B ae Ff G 
solid AD : solid EH :: AB’ : EF’; 
or solid AD : solid EH.:: CD* : HG; 
or, the solids will be to each other as the cubes of any other 
of their homologous edges. 
For, the solids are to each other as the products of their 
bases and altitudes (Th. xiv. Cor.), that is, 


solid ABC-D : solid EFG-H :: ABCXCD : EFG~x GH. 

But the bases being similar polygons are to each other as the 

squares of their like sides (Bk. IV. Th. xxi) ; that is, 
ABO. EFG 32? AB CP EF 

therefore, 

solid ABO-D: solid EFG-H :- AB’xCD : EF”’x GH. 
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But since the solids are simi- 
lar, the parallelograms BD and 
FH are similar (Def. 3) : hence, 
CD and Gd are proportional to 
BC and FG, and consequently 
to AB and EF: hence, we have, 

A 


BC EF G 
sohd ABC-D : solid EFG-H :: AB’x AB: EF’ x EF. 
that is, 

solid ABC-D : solid EFG-H.:: AB? :° EF’ 
and in a similar manner it may be shown that the solids 
are to each other as the cubes of any other homologous edges. 


Cor. Since cylinders are to each other as the product of 
their bases and altitudes (Th. xiv. Cor.), it follows that similar 
cylinders are to each other as the cubes of the linear dimen- 
sions. 


THEOREM XX. 
Every section of a sphere, made by a plane, is a circle. 


Let AMB be a section, made by 
a plane, in the sphere whose cen- 
tre is C. 

From the centre C draw CO, 
perpendicular to the plane AMB, 
and also draw the lines CA, CM, 
é&c., to the points of the curve 
AMB, which terminate the sec- 
tion, and join OA, OM, &c. 
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Then, since CO is perdendic- 
ular to the plane AMB, the an- 
gles COA, COM &c., will be 
tight angles, and since the radii 
of the sphere are all equal, the 
tight angled triangles CAO, COM, 
&c., will have the hypothenuses 


equal, and the side CO common: 
hence, the remaining sides will be equal (Bk. I. Th. xix). 
Therefore, all lines drawn from O to any point of the curve 
AMB are equal: hence AMB is a circle. 


Cor. 1. If the section passes through the centre of the 
sphere, its radius will be the radius of the sphere: hence, all 
great circles are equal. 


Cor. 2. Two great circles always bisect each other; for 
their common intersection, passing through the centre, is a 
diameter. 


Cor. 3. Every great circle divides the sphere and its sur- 
face into two equal:parts: for, if the two hemispheres were 
separated and afterwards placed on the common base, with 
their convexities turned the same way, the two surfaces would 
exactly coincide, no point of the one being nearer the centre 
than any point of the other. 


Cor. 4. The centre of a small circle, and that of the sphere, 
are in the same straight line, perpendicular to the plane of the 
_ small circle. 


Cor. 5. Small circles are the less the farther they lie from 
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the centre of the sphere ; for the greater CO is, the less is 
the chord AB, the diameter of the small circle AMB. 


THEOREM XXI. 


Every plane perpendicular to a radius at its extremity is tan- 
gent to the sphere. 


Let FAG be a plane perpen- 

dicular to the radius OA, at its Wis wate 
extremity A. Any point M, in 
this plane, being assumed, and 
OM, AM, being drawn, the an- 
gle OAM will be a right angle, 
and hence, the distance OM will 
be greater than OA. Hence, 
the point M lies without the sphere ; and as the same can “bo 
shown for every other point of the plane FAG, this plane can 
have no point but A common to it and the surface of the 
sphere ; hence it is a tangent plane (Def. 31). 


Sch. In the same way it may be shown, that two spheres 
have but one point in common, and therefore touch each 
other, when the distance between their centres is equal to the 
sum, or the difference of their radii; in either case, the 
centres and the point of contact lie in the same straight line. 


THEOREM XXIf. 


If a regular semi-polygon be revolved about a line passing 
through the centre and the vertices of two opposite angles, the 
surface described by its perimeter will be equal to the axis multi- 
plied by the circumference oy the inscribed circle. 
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Suppose the regular semi-polygon 
ABCDE to be revolved about the line 
AF as an axis: then will the surface 
deseribed by its perimeter be equal to 
AF multiplied by the circumference of 
the inscribed circle. 


From £ and D, the extremities of 
one vf the equal sides, let fall the per- 
pendiculars EH, DI, on the axis AF, 
and from the centre O, draw ON per- 
pendicular to the side DE: OW will then be the radius of ae 
inscribed circle (Bk. IV. Prob. x). 

Let us first find the measure of the surface described by 


one of the equal sides, as DE. 

From J, the middle point of DE, draw NM perpendicular 
to the axis AF, and through EF, draw EK, parallel to it, meet- 
ing MN in S. . 

Then, since EN is half of ED, NS will be half of DK 
(Bk. IV. Th. xiii): and hence, NM is Rios to half the sum 
_ of EH+DI. 

But, since the circumferences of circles are to each other as 
their diameters (Bk. IV. Th. xxiv), or as their radii, the 
halves of the diameters, we shall have the circumference de- 
scribed by the point IV, equal to half the sum of the circum- 
ferences described by the points D and £. 

But in the revolution of the polvgon the line ED describes 
the surface of the frustum of a cone, the measure of which is 
equal to DE multiplied into half the sum of the circumfe- 
rences of the two bases (Tn. ix); that is, equal to DE into 
the circumference described by the point JV. 

mee 14 
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But, the triangle ENS is similar to 
SINT (Bk. IV. Th. xviii), and also to 
EDK, and since TNS is similar to 
ONM, it follows that EDK and ONM 
are similar ; hence, 


EBD 3 "ER or tl ON 
or ED: HI:: circumference ON : circumference MN. 
consequently, ; 

ED x circumference MN=HI x crrcumference ON, 


that is, ED multiplied into the circumference of the circle de< 
scribed with the radius NM, is equal to HI into the circum: 
ference of the circle described with the radius ON. But the 
former is equal to the surface described by the line ED in the 
revolution of the polygon about the axis AF’; hence, the latter 
is equal to the same area; and since the same may be shown ~ 
for each of the other sides, it is plain that the surface des- 
cribed by the entire perimeter is equal to 


(FH + HI+IP+PQ+ QA) x crf. ON=AF x cir’f. ON. 


Cor. The surface described by any portion of the perim- 
eter, as EDC, is equai to the distance between the two per- 
pendiculars let fall from its extremities, on the axis, multiplied 
by the circumlerence of the inscribed circle. For, the sur- 
face described by DE is equal to HI x circumference ON. 
and the surface described by DC is equal to IP x circumfe- 
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rence ON: hence, the surface described by ED+DC, is equal 
to (ZI+- IP) x circumference ON, or equal to HP x circum: 
ference ON. 


THEOREM XXIII. 


The surface of a sphere is equal to the product of its diameter 
by the circumference of a great circle. 


Let ABCDE be a semicircle. In- 
scribe in it any regular semi-polygon, B 
and from the centre O draw OF per- 
pendicular to one of the sides. 

Let the semicircle and the semi- 
polygon be revolved about the axis 2 e 
AE: the semicircumference ABCDE 
will describe the surface of a sphere 
(Def. 26); and the perimeter of the D 
semi-polygon will describe a surface 
which has for its measure AE x cir- zh 
cumference OF (Th. xxii); and this will be true whatever be 
the number of sides of the polygon. But if the number of 
sides of the polygon be indefinitely increased, its perimeter 
will coincide with the ‘circumference ABCDE, the perpen- 
dicular OF will become equal to OL, and the surface de- 
scribed by the perimeter of the semi-polygon will then be the 
same as that described by the semicircumference ABCDE. 
Hence, the surface of the sphere is equal to AE x circum- 
ference OF. . 

Cor. Since the area of a great circle is equal to the product 
of its circumference by half the radius, or by one-fourth of 
the diameter (Bk. IV. Th. xxvii), it follows that the surface 
of a sphere is equal to four of its great circles. 
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THEOREM XXIV. 


The surface of a zone is equal to its altitude multiphed by 
the circumference of a great circle. 


For, the surface described by any 
portion of the perimeter of the in- 
scribed polygon, as BC+ CD is equal 
to EH xcircumference OF (Th. xxii. 
Cor). ‘But when the number of sides 
of the polygon is indefinitely increased, 
BC4- CD, becomes the are BCD, OF 
becomes equal to OA, and the surface 
described by BC+ CD, becomes the 
surface of the zone described by the 
arc BCD: hence, the surface of the 
zone is equal to EH x circumference 
OA. 
Sch. 1. When the zone has but one base, as the zone de- 
scribed by the arc ABCD, its surface will still be equal ta 
the altitude AE multiplied by the circumference of a great 


circle. 


Sch. 2. Two zones taken in the same sphere, or in equal 
spheres, are to each other as their altitudes ; and any zone ‘is 
to the surface of the sphere as the altitude of the zone is to 
the diameter of the sphere. 


THEOREM XXV. 


The solidity of a sphere is equal to one third of the product of 
the surface multiplied by the radius. 


For, conceive a polyedron to be inscribed in the sphere. 
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This polyedron may be considered as formed of pyramids, each 
aaving for its vertex the centre of the sphere, and for its base 
one of the faces of the polyedron. Now, the solidity of each 
pyramid, will be equal to one third of the product of its base 
by its altitude (Th. xvii). 

But if we suppose the faces of the polyedron to be continti- 
ally diminished, and consequently, the number of the pyra- 
mids to be constantly increased, the polyedron will finally 
become the sphere, and the bases of all the pyramids will 
become the surface of the sphere. When ‘this takes place, 
the solidities of the pyramids will still be equal to one third 
the product of the bases by the common altitude, which will 
then be equal to the radius of the sphere. 

Hence, the solidity of a sphere is equal to one third of the 
product of the surface by the radius. 


THEOREM XXVI. 


The surface of a sphere is equal to the convex surface of the 
circumscribing cylinder ; and the solidity of the sphere is two 
thirds the solidity of the circumscribing cylinder. 

Let MPNQ be a great circle of : 
the sphere; ABCD the circum- Bag ie To 
scribing square: if the semicircle 
PMQ, and the half square PADQ, 
are at the same time made to re- 
volve about the diameter PQ, the 
semicircle will describe the sphere, 
while the half square will describe 
the cylinder circumscribed about 


that sphere. 
The altitude AD, of the cylinder, is equal to the diameter 
Saat 14* 
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PQ; the base of the cylinder is 
equal to the great circle, since its 


diameter AB is equal MN; hence, 
the convex surface of the cylin- 
der is equal to the circumference 
of the great circle multiplied by 
its diameter (Th. ii)... This meas- 
ure is the same as that of the sur- 


face of the sphere (Th. xxiii) : 
hence, the surface of the sphere is equal to the convex sur- 
face of the circumscribing cylinder. 

In the next place, since the base of the circumscribing 
cylinder is equal to a great circle, and its altitude to the di- 
ameter, the solidity of the cylinder will be equal to a great 
circle multiplied by a diameter (Th. xiv. Cor). But the so- 
lidity of the sphere is equal to its surface multiplied by a third 
of its radius; and since the surface is equal to four great 
circles (Th. xxiii. Cor.), the solidity is equal to four great cir- 
cles multiplied by a third of the radius; in other words, to 
one great circle multiplied by four-thirds of the radius, or 
by two-thirds of the diameter; hence, the sphere is two-thirds 
of the circumscribing cylinder. 
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APPENDIX 


OF THE FIVE REGULAR POLYEDRONS. 


A regular polyedron, is one whose faces are all equal poly- 
gons, and whose polyedral angles are equal. There are five 


such solids. 


1. The Tetraedron, or equilateral pyramid, is a solid bounded 


by four equal] triangles. 


2. The hexaedron or cube, is a solid. bounded by six equal 


squares. 


3. The octaedron, is a solid, bounded by eight equal equi 


lateral triangles. 
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4. The dodecaedron, is a solid bounded by twelve equal 


pentagons. 


§. The zcosaedron, is a solid, bounded by twenty equal 
‘equilateral triangles. 


6. The regular solids may easily be made of pastebcard. 
Draw the figures of the regular solids accurately on paste- 
board, and then cut through the bounding lines: this will give 
figures of pasteboard similar to the diagrams. ‘Then, cut 
the other lines half through the pasteboard, after which, turn 
up the parts, and glue them together, and you will form the 
bodies which have been described. 


ELEMENTS OF TRIGONOMETRY. 


INTRODUCTION. 


SECTION I. 
OF LOGARITHMS, 


1. The logarithm of a number is the exponent of the power 
to which it is necessary to raise a fixed number, in order. to 
produce the first number. 

This fixed number is called the base of the system, and may 
be any number except 1: in the common system 10 is assumed 
as the base. 

2. If we form those powers of 10, which are denoted by entire 
exponents, we shall have 

10°=1 1o'=10 , 1000 
107 = 100 , 10* = 10000, &c. &e. 

From the above table, it is plain, that 0, 1, 2, 3, 4, &c., are re- 
spectively the logarithms of 1, 10, 100, 1000, 10000, &¢e.; wa 
also see that the logarithm of any number between 1 and 10 is 
greater than 0 and less than 1: thus 

Log 2=0.801030_ 


i 

o 
ow 

I 
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The logarithm of any number greater than 10, and less than 
100, is greater than 1 and less than 2: thus p 


Log 50 = 1.698970 


The logarithm of any number greater than 100, and Jess than 
1000, is greater than 2 and less than 3: thus 


Log 126 = 2.100371, &e. 


If the above principles be extended to other numbers, it will 
appear, that the logarithm of any number, not an exact power 
of ten, is made up of two parts, an entire and a decimal part. 
The entire part is called the characteristic of the logarithm, 
and is always one less than the number of places of figures in the 
given number. 


3. The principal use of logarithms, is to abridge numerical 
computations, 

Let M denote any number, and let its logarithm be denoted 
by m; also let W denote a second number whose logarithm is 
n; then from the definition we shall have 

10° = M (1) 10 = M (2) 

Multiplying equations (1) and (2), member by member, we 

have 
10°" = MXN or, m+n = log MXN: hence, 

The sum of the logarithms of any two numbers is equal to 

the logarithm of their product. 


Dividing equation (1) by equation (2), enter by member, 
we have 


M 
10 o= Wy oh mn = log < hence, 


The logarithm of the quotient of two numbers, is equal to the 


logarithm of the dividend diminished hy the logarithm of the 
divisor. 
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4. Since the logarithm of 10 is 1, the logarithm of the product 
of any number by 10, will be greater by 1 than the logarithm of 
that number ; also, the logarithm of any number divided by 10, 
will be less by 1 than the logarithm of that number. 

Similarly, it may be shown that the logarithm of any number 
multiplied by a hundred, is greater by 2 than the logarithm of 
that number, and the logarithm of any number divided by 100 
is less by 2, than the logarithm of that number, and so on. 


\ EXAMPLES, : 
log 327 is 2.514548 
log 32.7 “ 1.514548 
log 3.27 “ 0.514548 
log .827 « 1.514548 
log 0327 « 2.514548 


From the above examples, we see, that in a number composed 
of an entire and decimal part, we may change the place of tha 
decimal point without changing the decimal part of the logarithm, 
but the characteristic is diminished by 1 for every place that the 
decimal point is removed to the left. 

Tn the logarithm of a decimal, the characteristic becomes nega- 
tive, and is numerically 1 greater than the number of ciphers im- 
mediately after the decimal point. The negative sign extends 
only to the characteristic, and is written over it as in the exam- 
ples given above. 


TABLE OF LOGARITHMS. 
5. A table of logarithms, is a table in which are written the 


logarithms of all numbers between 1 and some given number, 
The logarithms of all numbers between 1 and 10,000 are given 
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in the annexed table. Since rules have been given for determin- 
ing the characteristics of logarithms by simple inspection, it has 
not been deemed necessary to write them in the table, the deci- 
mal part only being given. The characteristic, however, is given 
for all numbers less than 100. 

The left hand column of each page of the table, is the column 
of numbers, and is designated by the letter N; the logarithms 
of these numbers are placed opposite them on the same hori- 
zontal line. The last column on each page, headed D, shows tha 
difference between the logarithms of two consecutive numbers. 
This difference is found by subtracting the logarithm under the 
column headed 4, from the one in the column headed 5 in the 
same horizontal line, and is nearly a mean of the differences 
of any two consecutive logarithms on the line. 


6. Zo find from the table the logarithm of any number. 


Ifthe number is less than 100, look on the first page of the 
table, in the column of numbers under N, until the number is 
found: the number opposite is the logarithm sought: Thus 


log 9 = 0.954243 


7. When the number is greater than 100 and less than 10000. 

Find in the column of numbers, the first three figures of the 
given number. Then pass across the page along a horizontal 
line until you come into the column under the fourth figure of 
the given number: at this place, there are four figures of the 
required logarithm, to which two figures taken from the column 
marked 0, are to be prefixed. | 

If the four figures already found stand opposite a row of six 
figures in the column marked 0, the two left hand figures of 
the six, are the two to be prefixed; but if they stand opposite 


INTRODUCTION. 169 


Of Logarithms. 


arow of only four figures, you ascend the column till you find 
a row of six figures; the two left hand figures of this row are 
the two to be prefixed. If you prefix to the decimal part thus 
found, the characteristic, you will have the logarithm sought: 
Thus, 
log 8979 = 3.953228 
log .08979 = 2.953228 
If however in passing back from the four figures found, to the 
0 column, any dots be met with, the two figures to be prefixed 
must be taken from the horizontal line directly below: Thus, 
log 3098 = 3.491081 
log 30.98 = 1.491081 
If the logarithm falls at a place where the dots occur, 0 must 
be written for each dot, and the two figures to be prefixed are 
as before taken from the line below: Thus, 
log 2188 = 3.340047 
log .2188 = 1.340047 


8. When the number exceeds 10,000. 


The characteristic is determined by the rules already given. - 
To find the decimal part of the logarithm. Place a decimal 
point after the fourth figure from the left hand, converting the 
given number into a whole number and decimal. Find the lcga- 
rithm of the entire part by the rule just given, then take from 
the right hand column of the page, under D, the number on the 
same horizontal line with the logarithm, and multiply it by the 
decimal part; add the product thus obtained to the logarithm al- 
ready found, and the sum will be the logarithm sought. 

1f, in multiplying the number taken from the column D, the 
decimal part of the product exceeds .5 let’ 1 be added to the en- 

15 
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tire part; if it is less than .5 the decimal part of the product is 


neglected. 


EXAMPLE. 

To find log 672887. 

The characteristic is 5.; placing a decimal pcint after the 
fourth figure from the left, we have 6728.87. The decimal part 
of the log 6728 is .827886 and the corresponding number in the 
column D is.65; then 65.87 = 56.55, and since the decimal 
part exceeds .5, we have 57 to be added to 827886, which gives 
827943 

or log 672887 = 5.827943 
Similarly log .0672887 = 2.827943 


The last rule has been deduced under the supposition that the 
difference of the numbers is proportional to the difference of 
their logarithms, which is sufficiently exact within the narrow 
limits considered. 

In the above example, 65 is the difference between the loga- 
rithm of 672900 and the logarithm of 672800, that is, it is the 
difference between the logarithms of two numbers which differ by 
100. 

We have then the proportion 100: 87 :: 65 . 56.55, the 
number to be added to the logarithm already found. 


9. To find from the table the number corresponding to a 
given logarithm. 

Search in the columns of logarithms for the decimal part of 
the given logarithm: if it cannot be found iv the table, take 
out the number corresponding to the next less logarithm and 
set it aside. Subtract this less logarithm from the given loga- 
rithm, and annex to the remainder as many zeros .as may be 
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necessary, and divide this result by the corresponding number 
taken from the column marked D, continuing the division as 
long as desirable: annex the quotient to the number set aside. 
Point off, from the left hand, as many integer figures as there are 
units in the characteristic of the given logarithm increased by 
1; the result is the required number. 

If the characteristic is negative, the number will be entirely 
decimal, and the number of zeros to be placed immediately after 
the decimal point will be equal to the number of units in the 
characteristic diminished by 1. 

This rule, like its converse, is founded on the supposition that 
the difference of the logarithms is proportional to the difference 
of their numbers within narrow limits. _ 


EXAMPLE. 

Find the number corresponding to the logarithm 3.233568. 

The decimal part of the given logarithm is .233568 

The next less logarithm of the table is .233504 and its 
corresponding number 1712. oO 

Their difference is - - «64 

Tabular difference 253)6400000(25 

Hence the number sought 1712.25 

‘The number corresponding to 3.233568 is 00171225 


MULTIPLICATION BY LOGARITHMS, 

10. When it is required to multiply numbers by means of 
their logarithms, we first find from the table the logarithms of 
the numbers to be multiplied; we next add these logarithms 
together, and their sum is the logarithm of the product of the 
oumbers (Art. 3). E 

The term sum is to be understood in its algebraic sense; 
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therefore, if any of the logarithms have negative characteristics, 
the difference between their “sum and that of the positive 
characteristics, is to be taken; the sign of the remainder is 
that of the greater sum. 
EXAMPLES. 
1. Multiply 23.14 by 5.062. 
log 23.14 = 1.364363 
log 5.062 = 0.704322 


Product 117.1847 ... . 2.068685 


2. Multiply 3.902, 597.16 and 0.0314728 together. 
log 3.902 = 0.591287 
log 597.16 = 2.776091 
log 0.0814728 = 2.497936 


Product 73.3354 .... 1.865314 


Here the 2 cancels the + 2, and the 1 carried from the deci- 
mal part is set down. 


8. Multiply 3.586, 2.1046, 0.8372, and 0.0294, together. 
log 3.586 = 0.554610 
log 2.1046 = 0.323170 
log 0.8372 = 1.922829 
log 0.0294 = 2.468347 


Product. 0.1857615. . . 1.268956 
In this example the 2, carried from the decimal part, cancels 


2, and there remains 1 to be set down. 


DIVISION OF NUMBERS BY LOGARITHMS, 


11. When it is required to divide numbers by meane of their 
logarithms, we have only to recollect, that the subtraction of 
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logarithms corresponds to the division of their numbers (Art. 3), 
Hence, if we find the logarithm of the dividend, and from it aub- 
tract the logarithm of the divisor, the remainder will be the loga- 
rithm of the quotient. 

This additional caution may be added. The difference of the 
logarithms, as here used, means the algebraic difference; so 
that, if the logarithm of the divisor have a negative characteristic 
its sign must be changed to positive, after diminishing it by the 
unit, if any, carried in the subtraction from the decimal part of 
the logarithm. Or, if the characteristic of the logarithm of the 
dividend is negative, it must be treated as a negative number. 


EXAMPLES.. 
1. To divide 24163 by 4567. 
log 24163 = 4.383151 
log 4567 = 3.659631 
Quotient. —-5:29078 —.-2 6.0%. -« 0.723520 


2. To divide 0.06314 by .007241 ; 
log 0.06814 = 2.800305 
log 0.007241 = 3.859799 


Quotient . . 87198 . . . . : 0.940506 
Here, 1 carried from the decimal part to the 3 changes it to 


2, which being taken from 2, leaves 0 for the characteristic. 


8. To divide 37.149 by 523.76 
log 87.149 = 1.569947 
log 623.76 =2.719133 


Quotient . « 00709274 . 2.850814 


15* 
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4, To divide 0.7488 by 12.9476 
log 0.7488 = 1.871456 
log 12.9476 = 1.112189 


Quotient . . 0.057447 . . 2.759267 


Here, the 1 taken from 1, gives 2 for a result, as set down. 


ARITHMETICAL COMPLEMENT. 


12. The Arithmetical complement of a logarithm is the num- 
ber which remains after subtracting the logarithm from 10. 
Thus, : . 1—9.274687 = 0.725313 
Hence, 0.725313 is the. arithmetical complement 
of 9.274687. 


13. We will now show that, the difference between two loga- 
rithms is truly found, by adding to the first logarithm the 
arithmetical complement of the logarithm to be subtracted, and 
then diminishing the sum by 10. 

Let a = the first logarithm 
b = the logarithm to be subtracted 
and ¢ = 10=—) = the arithmetical complement of b. 

Now the difference between the two logarithms will be ex- 
pressed by a—b. 

But, from the equation c = 10—d, we have 

c—10 = —b 

hence, if we place for—d its value, we shall have 
a—b = at+c—10 

which agrees with the enunciation. 

When we wish the arithmetical complement of a logarithm, 
wo may write it directly from the table, by subtracting the left 
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hand figure from 9, then procéeding to the right, subtract each 
Jiyure from 9 till we reach the last significant figure, which 
must be taken from 10: this will be the same ay taking the 
logarithm from 10. 


EXAMPLES, 
1. From 3.274107 take 2.104729, 

By common method, By arith, comp. 
3.274107 3.274107 
2.104729 its ar. comp. 7.895271 

Diff. 1.169378 | Sum 1.169378 after sub 


tracting 10. 
Hence, to perform division by means of the arithmetical com- 
plement we have the following 


RULE. 
To the logarithm of the dividend add the arithmetical com 
plement of the logarithm of the divisor: the sum after subtract 
ing 10, will be the logarithm of the quotient. 


EXAMPLES, a 


1. Divide 327.5 by 22.07. 
We SITS Sea re am ees BAI 
log 22.07 ar. comp. 8.656198 


Quotient m% 2--14,839~ 3%. «1171408 


3. Divide 0.7438 by 12.9476, 
oe 0.7488... So . 7 1.871456 
Iog 12.9476 ar. comp. 8.887811 


Qdotient .... 0.057147 1. 2°. 2.759267 
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In this example, the sum of the characteristics is €, from 


which, taking 10, the remainder is 2. 


8. Divide 37.149 by 523.76, 
log 87:149. 2. 1.869947 
log 523.76 ar. comp. 7.280867 


Quotient . . 0.0709273 . . . 2.850814 


SECTION II. 


OF SCALES. 


SCALE OF EQUAL PARTS. 


1 =4.2,83.4.5 6.7.8 OF; 


o 


2 1 a 


14, A scale of equal parts is formed by dividing a line of a 
given length into equal portions. 

If, for example, the line ab of a given length, say one inch, 
be divided into any number of equal parts, as 10, the scale thus 
formed, is called a scale of ten parts to the inch. The line ad, 
which is divided, is called the unit of the scale. This unit is 
laid off several times on the left of the divided line, and its 
extremities marked, 1, 2, 3, c&e. 

The unit of scales of equal parts, is, in general, either an 
inch, or an exact part of an inch. If, for example, ab the unit 
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of the scale, were half an inch, the scale would be cne of 10 
parts to half an inch, or of 20 parts to the inch: 

If it were required to take from the scale a line equal to two 
inches and six-tenths, place one foot of the dividers at 2 on the 
left, and extend the other to .6, which marks the sixth of the 
small divisions: the dividers will then embrace the required 
distance. 


DIAGONAL SCALE OF EQUAL PARTS. 


15. This scale is thus constructed. Take ad for the unit of 
the scale, which may be one inch, 3, } or # of an inch, in length. 
On ab describe the square abcd. Divide the sides ab and de 
each into ten equal parts. Draw af and the other nine parallels 
as in the figure. 

Produce ba to the left, and lay off the unit of the scale any 
convenient number of times, and mark the points 1, 2, 3, &. 
Then, divide the line ad into ten equal parts, and through the 
points of division draw parallels to ab as in the figure. 

Now, the small divisions of the line ad are each one-tenth 
(.1) of ab ; they are therefore .1 of ad, or .1 of ag or gh. 

If we consider the triangle adf, we see that the base df is 
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one-tenth of ad, the unit of the scale. Since the distance from 
a to the first horizontal line above ab, is one-tenth of the dis- 
tance ad, it follows that the distance measured on that line be- 
tween ad and af is one-tenth of df: but since one-tenth of a 
tenth is a hundredth, it follows that this distance is one-hun- 
dredth (.01) of the unit of the scale. A like distance measured 
on the second line will be two-hundredths (.02) of the unit of 
the scale; on the third, .03; on the fourth, .04, &e. 

If it were required to take, in the dividers, the unit of the 
scale, and any number of tenths, place one foot of the dividers 
at 1, and extend the other to that figure between @ and 6 which 
designates the tenths. If two or more units are required, the 
dividers must be placed on a point of division further to the left, 

When units, tenths, and hundredths, are required, place one 
foot of the dividers where the vertical line through the point 
which designates the units, intersects the line which designates 
the hundredths: then, extend the dividers to that line between 
ad and be which designates the tenths: the distance so deter- 
mined will be the one required. 

For example, to take off the distance 2.34, we place one foot 
of the dividers at 7, and extend the other to e: and to take off 
the distance 2.58, we place one foot of the dividers at p and ex- 
tend the other to g. 


Remark I. If a line is so long that the whole of it cannot 
be taken from the scale, it must be divided, and the parts of it 
taken from the scale in succession. 


Remark II. If aline be given upon the paper, its length 


can be found by taking it in the dividers and applying it to 
the scale. 


INTRODUCTION. 
Description of Instruments. 
SCALE OF CHORDS 
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16. If, with any radius, as AC, we describe the quadrant CD, 
and then divide it into 90 equal parts, each part is called a 


degree. 
Through C, and each point of division, let a chord be drawn, 
and let the lengths of these chords be accurately laid off on a 
In the figure, 


scale: such a scale is called a scale of chords. 
the chords are drawn for every ten degrees. 
The scale of chords being once constructed, the radius of the 
circle from which the chords were obtained, is known; for, the 
A 


chord marked 60 is always equal to the radius of the circle. 
scale of chords is generally laid down on the scales which belong 


to cases of mathematical instruments, and is marked cuo. 


To lay off, at a given point of a line, with the scale of chords, 
an angle equal to a given angle. 
Cy. 


Let AB be the line, and A the given 


point. 

Take from the scale the chord of 60 de- 
grees, and with this radius, and the point 

A as a centre, describe the are BC. Then take from the scale 
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the chord of the given angle, say 30 degrees, and with this line 
as a radius, and B as a centre, describe an are cutting BO in C 
Through A and C@ draw the line AC, and BAC will be the re- 


quired angle. 


SEMICIRCULAR PROTRACTOR. 


17. This instrument is used to lay down, or protract angles. 
It may also be used to measure angles included between lines 
already drawn upon paper. ; 

It consists of a brass semicircle ABC divided to half degrees. 
The degrees are numbered from 0 to 180, both ways; that is, 
from A to B and from B to A. The divisions, in the figure, 
are only made to degrees. There is a small notch at the mid« 
dle of the diameter AB, which indicates the centre of tke pro- 
tractor. : 


GUNTERS’ SCALE. 


18. This is a scale of two feet im length, on the faces of 
which a yariety of scales is marked. The face on which the 
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divisions of inches are made, contains, however, all the scales 
necessary for laying down lines and angles. These are, the 
scale of equal parts, the diagonal scale of equal parts, and the 
scale of chords, all of which have been described. 


PLANE TRIGONOMETRY. 


DEFINITIONS AND EXPLANATION OF TABLES. 


19. In every plane triangle there are six parts: three sides 
and three angles. These parts are so related to each other, that 
wher one side and any two other parts are given, the remain- 
ing parts can be obtained, either by geometrical construction or 
by trigonometrical computation. 


20. Plane Trigonometry explains the methods of computing 
the unknown parts of a plane triangle, when a sufficient num- 
ber of the six parts is given. 


21. For the purpose of trigonometrical calculation, the cir- 
cumference of the circle is supposed to be divided into 360 
equal parts, called degrees; each degree is supposed to be di- 
vided into 60 equal parts, called minutes ; and each minute into 
60 equal parts, called seconds. 


Degrees, minutes, and seconds, are designated respectively, 
16 


182 TRIGONOMETRY 


a nn 


Definitions. 


by the characters ° ’ ’, For example, ten degrees, eighteen 
minutes, and fourteen seconds, would be written 10° 18’ 14” 
If two lines be drawn through the centre of the circle, at 
right angles to each other, they will divide the circumference 
into four equal parts, of 90° each. Every right angle then, as 
EOA, is measured by an are of 90°; every acute angle, as 
BOA, by an are less than 90°; and every obtuse angle, as 
FOA, by an are greater than 90°. 
22. The complement of an are is 
what remains after subtracting the 
are from 90°, Thus, the are #B is 
the complement of AB. The sum of 
an arc and its complement is equal 
to 90°. 
23. The supplement of an arc is 
what remains after subtracting the 
are from 180°. Thus, GF’ is the sup- 
plement of the are AHF. The sum of an are and its sup- 


plement is equal to 180°. 


24. The sine of an are is the perpendicular let fall from one 
extremity of the are on the diameter which passes through 
the other extremity. Thus, BD is the sine of the are AB. 


25. The cosine of an are is the part of the diameter inter- 
cepted between the foot of the sine and centre. Thus, OD is 
the cosine of the are AB. 


26. The tangent of an are is the line which touches it at 

one extremity, and is limited by a line drawn through the 
other extremity and the centre of the circle. Thus, AU is the 
tangent of the are AB, 


‘ 
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27. The secant of an are is the line drawn from the centre 
of the circle through one extremity of the are, and limited by 
the tangent passing through the other extremity. Thus, OC 
is the secant of the are AB, 


28. The four lines, BD, OD, AC, OC, depend for their 
values on the are AB and the radius OA; they are thus 
designated : 


sin AB for BD 
cos AB for OD 
tan AB for AC 
sec AB for OC 


29. If ABE be equal to a quad- 
rant, or 90°, then #B will be the 
complement of AS. Let the lines 
ET and JB be drawn perpendicular 
to OF. Then, 

ET, the tangent of HB, is called the cotangent of AB; 
IB, the sine of #B, is equal to the cosine of AB; 
OT, the secant of £B, is called the cosecant of AB. 


In general, if A is any are or angle, we have, 
cos A = sin (90°—A) 
cot A = tan (90°—A) 

cosec A = sec (90°—A) 


30. If we take an are ABEF, greater than 90°, its sine 
will be FH; OH will be its cosine; AQ its tangent, and O@ 
its secant. But /'H is the sine of the are GF, which is the 
supplement of AF, and OF is its cosine: hence, the sine of 


184 TRIGONOMETRY. 


Definitions. 


an arc is equal to the sine of its supplement; and the cosine 
of an arc is equal to the cosine of its supplement.* 

Furthermore, AQ is the tangent of the are AF, and O@ is 
its secant: GZ is the tangent, and OZ the secant of the sup- 
plemental arc GF. But since AQ is equal to GZ, and O@ 
to OL, it follows that, the tangent of an are is equal to the 
tangent of its supplement; and the secant of an arc is equal 
to the secant of its supplement.* 

Let us suppose, that in a circle of a given radius, the 
lengths of the sine, cosine, tangent, and cotangent, have been 
ealeulated for every minute or second of the quadrant, and 
arranged in a table; such‘a table is called a table of sines and 
tangents. If the radius of the circle is 1, the table is called a 
table of natural sines. A table of natural sines, therefore, shows 
the values of the sines, cosines, tangents and cotangents of all 
the ares of a quadrant, divided to minutes or seconds. 

If the sines, cosines, tangents, and secants are known for ares 
less than 90°, those for arcs which are greater can be found 
from them. For if an are is less than 90°, its supplement 
will be greater than 90°, and the values of these lines are the 
same for an are and its supplement. Thus, if we know the 
sine of 20°, we also know the sine of its supplement 160°; 
for the two are equal to each other. 


TABLE OF LOGARITHMIC SINES. 


31. In this table are arranged the logarithms of the nume- 
tical values of the sines, cosines, tangents, and cotangents of all 


* These relations are between the numerical values of the trigonometrical 
lines ; the algebraic signs, which they have in the different quadrants, are 
not considered, : ; 
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the ares of a quadrant, calculated to a radius of 10,000,000,000. 
The logarithm of this radius is 10. In the first and last hori- 
zontal lines of each page, are written the degrees whose sines, 
cosines, &c., are expressed on the page. The vertical columns 
on the left and right, are columns of minutes. 


CASE I. 


fo find, in the table, the logarithmic sine, cosine, tangent, or 
cotangent of any given arc or angle. 

82. If the angle is less than 45°, look for the degrees in the 
first horizontal line of the different pages: then descend along 
the column of minutes, on the left of the page, till you reach 
the number showing the minutes: then pass along the hori- 
zontal line till you come into the column designated, sine, 
cosine, tangent, or cotangent, as the case may be: the number. 
s0 indicated is the logarithm sought. Thus, on page 37, for 
19° 55’ we find, 

Bille, L9le OO. vis soe oe DDB 25a 
Gd EDs. OO eee ae ere SOD UO SLD 
PANE a DOS rs. oe we - DH OOOTT 
cot 19° 55 . . . . « 10.440908 


83. If the angle is greater than 45°, search for the degrees 
along the bottom line of the different pages: then, ascend 
along the column of minutes on the right hand side of the 
page, till you reach the number expressing the minutes: then 
pass along the horizontal line into the column designated 
tang, cot, sine, or cosine, as the case may be: the number so 
pointed out is the logarithm required. 


34, The column designated sine, at the top of the page, is 
16* 
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designated by cosine at the bottom; the one designated tang, 
by cotang, and the one designated cotang, by tang. 

The angle found by taking the degrees at the top of the 
page and the minutes from the first vertical column on the 
left, is the complement of the angle found by taking the de- 
- grees at the bottom of the page, and the minutes traced up in 
the right hand column to the same horizontal line. There- 
fore, sine, atthe top of the page, should correspond with cosine, 
at the bottom; cosine with sine, tang with cotang, and cotang 
with tang, as in the tables (Art. 11). 

If the angle is greater than 90°, we have only to subtract it 
from 180°, and take the sine, cosine, tangent or cotangent of 
the remainder. 

The column of the table next to the column of sines, and 
on the right of it, is designated by the letter D. This column 
is calculated in the following manner. 

Opening the table at any page, as 42, the sine of 24° is 
found to be 9609313; that of 24° 01’, 9.609597: their dif- 
ference is 284; this being divided by 60, the number of seconds 
in a minute, gives 4.73, which is entered in the column D. 

Now, supposing the increase of the logarithmic sine to be 
proportional to the increase of the arc, and it is nearly so for 
60”, it follows, that 4.73 is the increase of the sine for 1”. 
Similarly, if the are were 24° 20’ the increase of the sine for 
1”, would be 4.65. 

The same remarks are applicable in respect of the column 
D, after the’ column cosine, and of the column D, between 
the tangents and cotangents. The column D between the 
columns tangents and cotangents, answers to both of these 
columns. ; 
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Now, if it were required to find the logarithmic sine of an 
are expressed in degrees, minutes, and seconds, we have only 
to find the degrees and minutes as before; then, multiply the 
corresponding tabular difference by the seconds, and add the pre- 
duct to the number first found, for the sine of the given are. 

Thus, if we wish the sine of 40° 26’ 28”, 

The sine 40° 26’ 5 4 : . - 9.811952 

Tabular difference DAT x : ° 5 


Number of seconds 2Se5 ‘ , é 
Product . . 69.16 to be added 69.16 
Gives for the sine of 40° 26’ 28” 9.812021. 


The decimal figures at the right are generally omitted in 
the final result; but when they exceed five-tenths, the figure on 
the left of the decimal point is increased by 1; this gives the 
nearest approximate result. 

The tangent of an are, in which there are seconds, is found 
in a manner entirely similar. In regard to the cosine and co- 
tangent, it must be remembered, that they increase while the 
arcs decrease, and decrease as the arcs are increased; conse- 
quently, the proportional numbers found for the seconds, must 
be subtracted, not added. 


EXAMPLES, 


1. To find the cosine of 3° 40’ 40” 


The cosine of 8° 40’ ae : 9.999110 
Tabular difference oka . ° 
Number of seconds 40. 3 3 

Product 5.20 to be subtracted 5.20 


Gives for the cosine of 8° 40’ 40”. . 9.999105 
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2. Find the tangent of 37° 28’ 31” 

Ans. 9.884592. 

8. Find the cotangent of 87° 57’ 59” 

Ans. 8.550356. 
CASE Il. 
To find the degrees, minutes and seconds, answering to any 
given logarithmic sine, cosine, tangent or cotangent. 

35. Search in the table, and in the proper column, and if the 
number be found, the degrees will be shown either at the top 
or bottom of the page, and the minutes in the side columns, 
either at the left or right. 

But, if the number cannot be found in the table,. take 
from the table the degrees and minutes answering to the near 
est less logarithm, the logarithm itself, and also the corres- 
ponding tabular difference. Subtract the logarithm taken from 
the table from the given logarithm, annex two ciphers to the 
remainder, and then divide the remainder. by the tabular dif- 
ference: the quotient will be seconds, and is to be connected 
with the degrees and minutes before found; to be added for 
the sine and tangent, and subtracted for the cosine and co- 
tangent. 

EXAMPLES, 
1. Find the are answering to the sine 9.880054 
. Sine 49° 20’, next less in the table 9.879963 
Tabular difference .  . . ~ 1.81)91.00(50” 

Hence, the are 49° 20’ 50” corresponds to the given sine 

9.880054. 


2. Find the are whose cotangent is . 10.008688 
cot 44° 26’, next less in the tabla . 10.008591 
Tabular difference . ‘ : 4.21)97.00(23” 


/ 
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Hence, 44° 26’—23” = 44° 25’ 87’ is the are answering to 
the given cotangent 10.008688. 


3. Find the are answering to tangent 9.979110. 
Ans. 43° 37’ 21”, 


4, Find the are answering to cosine 9.944599. 
Ans, 28° 19’ 45”, 


36. We shall now demonstrate the principal theorems of 
Plane Trigonometry. 


THEOREM I. 


‘The sides of a plane triangle are proportional to the sines 
of their opposite angles. 


Let ABC be a triangle; then will 
OB CA 2 sin A. sin. 
For, with A as a centre, and AD C 
equal to the less side BC, as a radius, D 
describe the are DZ: and with Bas _ 
a centre and the equal radius BC, A Fel Toph 
describe the arc CZ: now D/# is the sine of the angle A, 
and CF is the sine of B, to the same radius AD or BC, 
But by similar triangles, 
AD et DE tans CF, 
Put AD being equal to BC, we have 
BOA AG S-sin .B, or 
DO war. MUAATS sin iD, 
By comparing the sides AB, AC, in a similar manner, we 


should find, AB AC Tain Cos sin’ BD. 
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In any triangle, the sum of the two sides containing erther 
angle, is to their difference, as the tangent of half the sum of 
the two other angles, to the tangent of half their difference. 

Let ACB be a triangle: then will 

AB + AC; AB~-AC:: tan (C+ 8B) : tan $(C--B). 

With A as a centre, and a radius 
AC the less of the two given sides, 
let the semicircle JFCH be de- i 
scribed, meeting AB in J, and BA : 
produced, in # Then, BH will \ — 
be the sum of the sides, and BL oem or B 
their difference. Draw CJ and AF. 

Since CAF is an outward angle of the triangle ACB, it 
is equal to the sum of the inward angles @ and B (Bk. 
I, Th. xvi.) But the angle OZ# being at the circumference, 
is half the angle CAH at the centre (Bk. II, Th. viii. Cor- 
1); that is, half the sum of the angles C and B, or equal 

w 3(C + B). 

The angle AFC = ACB, is also equal to ABC z= BAF ; 
therefore, BAY = ACB — ABC. 

But, [CF = 3(BAP) = 3(ACB— ABC), or 4(C—B). 

With J and C’ as centres, and the common radius JC, let 
the ares CD and JG be described, and draw the lines CH and 
IH perpendicular to IC. The perpendicular CZ will pass 
through #, the extremity of the diameter JZ, since the right 
angle JCH must be inscribed in a semicircle. 

But CZ is the tangent of CL# = 1(0+B); and JH is the 
tangent of JOB = }(C—B), to the common radius CZ. 
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But since the lines CH and JH are parallel, the triangles 
BHI and BCE are similar, and give the proportion, 
Bio peo CLL. or 
by placing for BH and BJ, CE and JH, their values, we have 
AB+ AC: AB— AC:: tan 3(C+8) : tan 3(C — B). 


THEOREM IIL 


In any plane triangle, if a line is drawn from the vertical 
angle perpendicular to the base, dividing tt into two segments: 
then, the whole base, or sum of the segments, is to the sum of 
the two other sides, as the difference of those sides to the dif- 
Jerence of the segments. 

Let BAC be a triangle, and AD perpendicular to the base ; 
then will 


BC: CA+ AB:: CA—AB: CD— DB 


For, AB = BD + AD 
(Bk. IV, Th. xii) ais a ee A 
and AC =DC + AD 
by subtraction ACG —AB = CD — 
BD. % 


But since the difference of the squares 2 D iS 


of two lines is equivalent to the rectangle contained by their sum 

and difference (Davies’ Legendre, Bk. IV, Prop. x,) we have, 
AC’ — AB’ = (AC + AB) . (AC— AB) 

and CD — DB = (CD + DB).(CD-- DB) 

therefore, (CD + DB) .(CD—DB)=(AC4-AB).(AC— AB) 

hence, CD4-DB:AC+ AB: : AC— AB: CD—LB. 
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THEOREM Iv. 

In any right-angled plane triangle, radius is to the tan- 
gent of either of the acute angles, as the side adjacent to the 
side opposite. 

_ Let CAB be the proposed triangle, B 
and denote the radius by &: then will 
oe aN Ue AU AD 
For, with any radius as CD describe & D A 

the are DH, and draw the tangent DG. 

From the similar triangles CDG and CAB we have 

CD : DG.:: CA: AB; hence, 
A3-tan CLE CA SAB. 

By describing an are with B as a centre, we could show in 

the same manner that, 
eta Bb PABA AC, 


HE 


THEOREM VY. 


In every right-angled plane triangle, radius is to the cosine 


of either of the acute angles, as the hypothenuse to the side 
adjacent. 


Let ABC be a triangle, right-angled 

at B then will 
de: eos A 35340: AB, 

For, from the point A as a centre, with 
any radius as AD, describe the are DF, 
which will measure the angle A, and draw DE perpendiculat 
to AB: then will AF be the cosine of A. 

The triangles ADZ and ACB, being similar, we have 

AD:AH:: AC : AB: that is, 
Roos Axe aC sees 
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Remark. The relations between the sides and angles of 
- plane triangles, demonstrated in these five theorems, are suf- 
ficient to solve all the cases of Plane Trigonometry. Of the 
six parts which make up a plane triangle, three must be given, 
and at least one of these a side, before the others can be de- 
termined. 

If the three angles are given, it is plain, that an indefi- 
nite number of similar triangles may be constructed, the 
angles of which shall be respectively equal to the angles 
that are given, and therefore, the sides could not be de- 
termined. 

Assuming, with this restriction, any three parts of a trian- 
gle as given, one of the four following cases will always be pre- 
sented. 


I. When two angles and a side are given. - 
II. When two sides and an opposite angle are given. 
III. When two sides and the included angle are given. 


IV. When the three sides are given. 


CASE I. 
When two angles and a side are given. 
Add the given angles together and subtract their sum from 


180 degrees. The remaining parts of the triangle can then 
be found by Theorem I. 


EXAMPLES. 
1. In a plane triangle ABC,, there c 


are given the angle A = 58°07’, the Kase 
angle B == 22° 87’, and the side AB= A “2 


408 yards. Required the other parts. 
17 


194 TRIGONOMETRY. 


Applications. 


GEOMETRICALLY. 


Draw an indefinite straight line AB, and from the scale of 
equal parts lay off AB equal to 408. Then at A lay off an 
angle equal to 58° 07’, and at B an angle equal to 22° 37’, 
and draw the lines AC and BC: then will ABC be the tri- 
angle required. 

The angle C may be measured either with the protractor or 
the scale of chords (Arts.16 and 17), and will be found equal 
to 99° 16’. The sides AC and BC may be measured by re- 
ferring them to the scale of equal parts (Art. 2). We shall 
fnd AC = 158.9 and BC = 351. yards. 


TRIGONOMETRICALLY BY LOGARITHMS. 


To the angle-~. es SA = 58207" 
Add the angle . B= 22° 87' 


Their sum = 80° 44’ 
taken from. . . 180° 00’ 
leaves C3. 99° 16’ which, exceeding 90° 
we use its supplement 80° 44’, 
To find the side BC. 
As sin C 99° 16’ <=) Aron Peale 0.005705 
Bist el 58° 07’ : 6 3 ‘ 9.928972 
Sie aera, 408 . . ° 2.610660 


3 BC 351.024 (after rejecting 10) 2.545337 


Remarg. The logarithm of the fourth term of a proportion 
is obtained by adding the logarithm of the second term to that 
of the third, and subtracting from their sum the logarithm of 
the first term. But to subtract the first term is the same as 
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to add its arithmetical complement and reject 10 from the sum 
(Art. 18): hence, the arithmetical complement of the first 
term added to the logarithms of the second and third terms, 


minus ten, will give the logarithm of the fourth term. 


To find side AC, 


As sin C 99° 16’ ar. comp. ~ 0.005705 
ssin 6B Vp Lada Yt ° ° ° 9.584968 
pee AB 408 . ° . . 2.610660 


AC 158.976 - s : 2.201333 


- 2. In a triangle ABC, there are given A = 38° 25’, 
B= 57° 42’, and AB = 400: required the remaining parts. 
Ans. C = 83° 53’, BC = 249.974, AC = 340.04, 


CASE II, 
When two sides and an opposite angle are given. 
In a plane triangle ABC, there are fol 
given AC = 216, CB = 117, the an 
angle A = 22° 37’, to find the other 4 ye 
ad 
parts, sabe es 


GEOMETRICALLY, 


Draw an indefinite right line ABB’: from any point as A, 
draw AC making BAC = 22° 87’, and make AC = 216. 
With C as a centre, and a radius equal to 117, the ather given 
side, describe the are B’B; draw B’C and BC: then will 
either of the triangles ABC or AB’C, answer all the condi- 
tions of the question. 


196 TRIGONOMETRY, 


Applications. 


TRIGONOMETRICALLY. 


To find the angle B. 


As BC 117 = al. COMP. --« . 7.931814 
tr ACs 218 . . . ° . 2.334454 
fat Rilied, ee 2-20 Lari ° . . ° 9.584968 
: sin B’ 45° 13’ 55”, or ABC 134° 4605” 9.851236 


The ambiguity in this, and similar examples, arises in con- 
sequence of the first proportion being true for either of the 
angles ABC, or AB’C, which are supplements of each other, 
and therefore have the same sine (Art. 30). As long as the 
two triangles exist, the ambiguity will continue. But if the 
side CB, opposite the given angle, is greater than AC, the arc 
BB' will cut the line ABB’, on the same side of the point A, 
in but one point, and then there will be only one triangle an- 
swering the conditions. 

If the side CB is equal to the perpendicular Cd, the are 
BB' will be tangent to ABB’, and in this case also there 
will be but one triangle. ‘When CB is less than the perpen- 
dicular Cd, the are BB’ will not intersect the base ABB’, and 
in that case, no triangle can be formed, or it will be impossible 
to fulfil the conditions of the problem. 


2. Given two sides of a triangle 50 and 40 respectively, and 
the angle opposite the latter equal to 32°: gr tek the. re- 
maining parts of the triangle. 

Ans. If the angle opposite the side 50 is acute, it is ocjial 
to 41° 28’ 59’; the third angle is-then equal to 106° 31’ 01”, 
and the third side to 72.868. If the angle opposite the side 
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50 is obtuse, it is equal to 138° 31’ 01”, tke third angie to 
9° 28’ 59”, and the remaining side to 12.436. 


CASE III 
When the two sides and their included angle are given, 
Let ABC be a triangle; AB, BC, 
the given sides, and JB the given 


B 


angle. 

Since B is known, we can find the 

sum of the two other angles: for A Cc 
A+ (= 180°— B and 
4(A + C) = 4(180° — B) 

We next find half the difference of the angles A and C by 
Theorem ii., viz. 

BC+ BA: BC— BA:: tan (A+ C): tanZ(A— C): 
in which we consider BC greater than BA, and therefore A ia 
greater than C; since the greater angle must be opposite the 
greater side. 

Having found half the difference of A and C, by adding it 
to the half sum, 4(A + C), we obtain the greater angle, and by 
subtracting it from half the sum, we obtain the less, That is 

4(A+ 0) +1(A—C) = A, and 
A+ C)-}(4— 0) = 

Having found the angles A and C, the third side AC may 

be found by the proportion. 
sin A: sin B:: BC: AC. 


EXAMPLES, 


1. In the triangle ABO, let BC = 540, AB = 450, and 


the included angle B = 80°: required the meeiniss parts. 
she 
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GEOMETRICALLY. 


Draw an indefinite right line BC and from any point, as 
B, lay off a distance BC = 540. At B make the angle 
CBA =: 80°: draw BA and make the distance BA = 450: 
draw AC; then will ABC be the required triangle. 


TRIGONOMETRICALLY. 
BC + BA = 540 + 450 = 990; and BC — BA = 540— 
450 = 90. 
A+ C= 180° — B = 180° — 80° = 100°, and therefore, 
4(A + C) = 3(100°) = 50° 


To find 3(A— C). 


As BC+ BA 990 . ar.comp. . 7.004365 

s BC—BA 90 -5 e ° e 1.954243 

e6.tin (A - 0). 50° 2 en eree 

tan 4(A— C) 6° 4 e e . 9.034795 
Hence, 50° + 6° 11’= 56° 11’ = A; and 50° — 6° 11’ = 

: 43°-49' = C@, 
To find the third side AC, 
As sin C 43° 49’ . ar.comp. . - 0.159672 
eR. fyi h 80° ‘ : 5 ° » 9.998351 


= AB 450 : : és ne ease: 
: PAC 640.C82 . é A 5 - 2.806286 


2. Given two sides of a plane triangle, 1686 and 960, and 
their included angle 128° 04’: required the other parts. 
Ans. Angles, 33° 34’ 39’; 18° 21’ 21”; side 2400, 
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CASE Iv. 
Having given the three sides of a plane triatgle, to find 
the angles. | 
Let fali a perpendicular from the angle opposite the greater 
side, dividing the given triangle into two right-angled triangles : 
then find the difference of the segments of the base by Theo- 
rem i. Half this difference being added to half the base, 
gives the greater segment; and, being subtracted from half the 
base, gives the less segment. Then, since the greater segment 
belongs to the right-angled triangle having the greatest hypo- 
thenuse, we have the sides and right angle of two right-angled 
triangles, to find the acute angles. 


EXAMPLES, A 


i. The sides of a plane trian- 
gle being given; viz. BC = 40, AC 
= 34 and AB = 25: required the 
angles. B D a 


GEOMETRICALLY. 


With the three given lines as sides construct a triangle as 
in Bk. IL. Prob. xi. Then measure the angles of the triangle 
either with the protractor or scale of chords. 


TRIGONOMETRICALLY. 

As BO} AC 7 ABs: AG —AB: CD —=BD 
nami ees ee O95: 9 os axs = 18.275 
40 413.275 
Then, al = 26.6375 = CD 
And gO are FD. 


9 


a 
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In the triangle DAC, to find the angle DAC. 
As AC 34. -  ar.comp. . 8.468521 
: DC 26.6375 . ° . - 1.425495 


sin D 90° . : . . - 10.000006 
smn DAC 51° 384’40”  . . - 9.894014 


In the triangle BAD, to find the angle BAD. 


As AB 25 _ ar. comp. . 8.60206C 
. BD 13.3625 . . . 1.125887 
sin D 90° - : : .  10.000000 


$ sin BAD S22 SO GD a. : 4 9.727947 

Hence 90° — DAC = 90° — 51° 34’ 40” = 38° 25'20” = 0 

and 90° B.A D "90° == 802 182s pe sb fe 41225 aoe 

and BAD +- DAC = 51° 84’ 40” + 82° 18’35” = 88° 53’ 
LS ee eA 


2. Ina triangle, in which the sides are 4, 5 and 6, what are 
the angles ? " 
Ans, 41° 24''35'"s 55° 46’ 16"; and 82° 49’ 09”, 


SOLUTION OF RIGHT-ANGLED TRIANGLES, 

The unknown parts of a right-angled triangle may be found 
by either of the four last cases: or, if two of the sides are 
given, by means of the property that the square of the hypo- 
thenuse is equivalent to the sum of the squares of the two other 
sides. Or the parts may be found by Theorems iv. and v. 


: EXAMPLES. 

1. In a right-angled triangle BAC, 
there are given the hypothenuse BC eae 
= 250, and the base AC = 240: re- pee 2p 
quired the other parts. 
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To find the angle B. 
As BC 250 . ar.comp. . 7.602060 


: AC 240 Se ibang : 2.880211 
“arsinesd = 90° 4 , : -  10.000000 
: sin B ORE VOU Gee pence 9.982271 


But C= 90° — B= 90° — 78° 44’ 23” = 16° 15’ 87”; 


Or C may be found from the proportion. 


As CB 250 ar. comp. ° 7.602060 
: AC 240 a ° ° ° 2.380211 
xs R F . . ° -  10.000000 
: cos C £0. 20 Ot 35 . ° 9.982271 


To find side AB by Theorem iv. 


As ar. comp. : 0.000000 
sian tan 160537 5 : 3 9.464889 
re AC 240 = F " : 2.880211 

AB 70.0003 . . ° 5 1.845100 


2. In a right-angled triangle BAC, there are given AC = 
384, and B= 58° 08’: required the remaining parts. 
Ans, AB = 287.96; BC = 479.979; C= 36° 52" 


DEFINITIONS. 

1. A horizontal angle is one whose sides are horizontal 5 its 
plane i is also horizontal. 

2. An angle of elevation or depression, has one horizontal side, 

and the other oblique, but lying directly above or below the first. 
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APPLICATION TO HEIGHTS AND DISTANCES. 


PROBLEM I. 


To determine the horizontal distance to a point which is inac- 
cessible by reason of an intervening river. 


Let C be the point. Measure - 


along the bank of the river a hori- 
zontal base line AB, and select the 
stations A and JB, in such a manner 
that each can be seen from the other, 
and the point C from both of them. 
Then measure the horizontal angles 


SS 
SS _——F_S=S—E55 
a. 


AZ $ n i xB 


CAB and CBA, with an instrument adapted to that purpose. 
Let us suppose that we have found AB = 600 yards, 
CAB = 57° 35’ and CBA = 64° 51’. 


The angle C = 180° — (4 + B) = 57° 84’, 
To find the distance BC. 


As sin C 57° 34! ar. comp. . 0.073649 
test GY hea Se . : : 9.926431 — 
33 AB 600 . . . . 2.778151 
; BC 600.11 yards. et 23 PEMPeISL 


To find the distance AC. 


As sin C 57° 34’ ar, comp. . 0.073649 
; sin B 64° 5)’ ’ ° . 9.956744 
ener: W33 600 “ : : 2.778151 
: AC 643.94 yards, . o¢ oe 2.808544 
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PROBLEM. II, 
To determine the altitude of an inaccessible object above a 
given horizontal plane. 

FIRST METHOD 
Suppose D to be the inaccessible 
object, and BC the horizontal plane 
from which the altitude is to be 
estimated: then, if we suppose DC 


-7 
<a 
i 


to be a vertical line, it will repre- 
sent the required distance. 


Measure any horizontal base line, as BA; and at the ex- 
tremities 5 and A, measure the horizontal angles CBA and 
CAB. Measure also, the angle of elevation DBC. 

Then in the triangle CBA there will be known, two angles 
and the side AB; the side BC can therefore be determined. 
Having found BC, we shall have, in the right-angled triangle 
DBC, the base BC and the angle at the base, to find the per- 
pendicular DC, which measures the altitude of the point D 
above the horizontal plane BC. 

Let us suppose that we have found 

BA = 780 yards, the horizontal angle CBA = 41° 24’, 
the horizontal angle CAB = 96° 28’, and the angle of eleva: 
tion DBC = 10° 43’. 

In the triangle BCA, to find the horizontal distance BC. _ 
The angle BC-A = 180° — (41° 24’ + 96° 28’) = 42° 08’—=C 
As sin 0 < 42°°08%. .-ar.comp.. . ~~ 0.178369 
sin A AF 96° 1288-0, : 5 . 9.997228 
eAB . -180 : . . . 2.892095 

Ue) 2. SIE 20 ’ . . 3.062692. 


eo 
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In the right-angled triangle DBC, to find DC. 


As R ar,comp. . . 0.000000 
: tan DBC 10° 43 ~ indice Poeee 2 TORS 

BC 1185.29° 2 =. Se eeeneoe 
: DC 218.64 SE 880155 


Remark I, It might, at first, appear that the solution which 
we have given, requires that the points B and A should be in 
the same horizontal plane; but it is entirely independent of 
such a supposition, 

For, the horizontal distance, which is sdptoented by BA, 
is the same, whether the station A is on the same level with 
B, above it, or below it. The horizontal angles CAB and 
CBA are also the same, so long as the point C is in the verti- 
ealline DC. Therefore, if the horizontal line through A should 
cut the vertical line DC, at any point as H, above or below C, 
AB would still be the horizontal distance between B and A, 
and AH which is equal to AC, would be the horizontal dis- 
tance between A and C. , ie 

If at A, we measure the angle of elevation of the point D. 
we shall know in, the right-angled triangle DAZ, the base AZ, 
and the angle at the base; from which the perpendicular DE 
can be determined. 
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Let us suppose that we had measured the angle of elevation 
DAE, and found it equal to 20° 15’. 


First: In the triangle BAC, to find AC or its equal AZ, 


As sin C 42° 08’ ar. comp. i 0.173369 
> sin B 41° 24’ . . . 9.820406 
Has AB 780 . ° : 2.892095 
H AC 768.9 : e ° 2.885870 
In the right-angled triangle DAZ, to find DZ. 
As Rk ar. comp. ° z 0.000000 
ea ae § 20° 15" . ° : 9.566932 
33 AK 768.9 . : . 2.885870 
: DE 283.66 : ° e 2.452802 


Now, since DC is less than DZ, it follows that the station 

B is above the station A. That is, 

DE — DC = 283.66 — 218.64 = 65.02 = £C, 
which expresses the vertical distance that the station B is 
above the station A. 

Remark IJ. It should be remembered, that the vertical dis 
tance which is obtained by the calculation, is estimated from 
a horizontal line passing through the eye at the time of ob- 
servation. Hence, the height of the instrument is to be added, 
in order to obtain the true result. 


SECOND METHOD. 


When the nature of the ground will admit of it, measure a 
base line AB in the direction of the object D. Then mea- 
sure with the instrument the angles of elevation at A and B 

Then, since the outward angle DBC is equal to the sum 

18 
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of the angles A and 
ADB, it follows, that 
the angle ADB is 
equal to the difference 

of the angles of ele- AS 
vation at A and B. Hence, we can find all the parts of the 
triangle ADB. Having found DB, and knowing the angle 
DBC, we can find the altitude DC. 

This method supposes that the stations A and B are on 
the same horizontal plane; and therefore can only be used 
_ when the line AB is nearly horizontal. 

Let us suppose that we have measured the base line, and 
the two angles of elevation, and 

AB = 975 yards, 
found « A= 15° 36’, 
DBC 2? 29": 
required the altitude DC. 


onal 


First: ADB = DBC — A= 27° 29’ — 15° 86’ = 11° 58%, 
In the triangle ADB, to find BD. 


As sin D 11° 53’ ar. comp. ‘ 0.686302 
$i sind 15° 36’ ° . 9.429623 
23 AB 975— . : : 2.989005 
. DB 1273.3 5 5 ; 3.104930 


In the triangle DBC, to find DC. 


As R ar. comp. . 0.000000 
: sin B 27° 29° . . . 9.664163 
Han DB 1273.3 ° . ° 3.104930 


: DC. 587,01 <9. peo ee 2 5 OG008 


TRIGONOMETRY. 207 


Applications. 


PROBLEM III, 


To determine the perpendicular distance of an object below a 
gwen horizontal plane. 
Suppose C to be directly over _, 0” 

the given object, and A the point ‘Ted 3 ny 

1 NI 
through which the horizontal plane _ | mss8% S 

= feu 

is supposed to pass. 


= SSS a 
Measure a horizontal base line === 2S 


= <= 
Sz = 


AB, and at the stations A and B Sea AT 
conceive the two horizontal lines ane SMG ss Ww 
ed <n 
AC, BC, to be drawn. The oblique 
lines from A and B to the object will be the hypothenuses 
of two right-angled triangles, of which AC, BC, are the 
bases. The perpendiculars of these triangles will be the dis- 
tances from the horizontal lines AC, BC, to the object. If 
we turn the triangles about their bases AC, BC, until they 
become horizontal, the object, in the first case, will fall at C’, 
and in the second at C”. 


Measure the horizontal angles CAB, CBA, and also the 
angles of depression C’AC, C’’ BC. 


Let us suppose that we have 
AB = 672 yards 
BAC = 72° 29’ 
found + ABC = 39° 20’ 
C’AC =27° 49’ 
CUB. == 197-10' 
First: In the triangle ABC, the horizontal angle ACB = 
1g0° — (A+ B) = 180° — 111° 49’ = 68° 11’. 
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Fle lil) 


Wie 
"7, iy 


(||) 
Wy 


SS 
Sa 


Sy 


To find the horizontal distance AC. 


As sin C 68° 11’ ar. comp. 

sin B 39° 20’ 5 : 
us AB 672 ‘ . 
AC 458.79 as 


To find the horizontal distance 


As sin C O° 117, are COlp. 

sin A 72° 29" wears 
AB 672 : SS ae 
BOs CQ0.28 ge whe 


or oe 
eo 


In the triangle CAC’, to find CC’ 
As R : ar. comp. ° 


taneOUA Ce so7om Ota. - 
eae “AC 458.79 . ; 
: CC' 242.06 . jz 


e 
’ 
® 


In the triangle CBC”, to find 


As R 3 ar. comp. 
2) tars UBC 7 18° 40’ , 
38 BO. “5 BOO 88. re ap 
H ce" 239.93. e 


0.032275 
9.801973 


2.827369 
2.661617 


0.032275 
9.979380 


2.827369 
2.839024 


0.000000 
9.722315 


2.661617 


2.383932 


0.000000 
9.541061 


2.839024 
2.880085 
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Hence also, CC’ — CC” = 242.06 — 239.93 = 2.13 yards, 
which is the height of the station A above station B. 


PROBLEMS, 

1. Wanting to know the distance between two inaccessible 
objects, which lie in a direct line from the bottom of a tower 
of 120 feet in height, the angles of depression are measured, 
and are found to be, of the nearer 57°, of the more remote 
25° 30’: required the distance between them. 

Ans. 178.656 feet. 


2. In order to find the distance between 
two trees A and JB, which could not be A 
directly measured because of a pool which 
occupied the intermediate space, the dis- 
tances of a third point C from each of 
them were measured, and also the included 
angle ACB: it was found that 

CB = 672 yards 

CA = 588 yards 

ACB = 55° 40’; 
required the distance AB. 


Ans. 592.967 yards. 


8. Being on a horizontal plane, and wanting to ascertain 
the height of a tower, standing on the top of an inaccessible 
hill, there were measured, the angle of elevation of the top 
of the hill 40°, and of the top of the tower 51°; then mea- 
suring in a direct line 180 feet farther from the hill, the angle 
of elevation of the top.of the tower was 33° 45’; required the 


height of the tower. 
Ans. 83.998 feet. 
-18* 
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4, Wanting to know the horizon- 
tal distance between two inaccessi- -- 
ble objects # and W, the following 
measurements were made, 

AB = 536 yards 
BAW = 40° 16’ 
viz. J WAH = 57° 40’ 
ABH = 42° 22’ 
EBW = 71° 07! 
required the distance HW. 


Ans. 939.527 yards. 


5. Wanting to know the 


horizontal distance between two 
Bets 
? a 


inaccessible objects A and 
and not finding any station 
from which both of them could 
be seen, two points C and D, 
were chosen, at a distance from 
each other, equal to 200 yards; from the former of these points 
A could be seen, and from the latter B, and at each of the 
points C and D a staff was set up. From C a distance CF 
was measured, not in the direction DC, equal to 200 yards, 
and from D a distance DE equal to 200 yards, and the follow- 
ing angles taken, 

AFC = 83° 00° BD = 54° 30’ 

viz. 1 ACD = 58° 30’ BDC = 156° 25’ 
ACF = 54°°31' BED = 88° 80’ 
Ans, AB = 845.467 yards. 


APPLICATIONS 


OF 


GEOMETRY. 


MENSURATION OF SURFACES. 
DEFINITIONS. 


1. The area of any figure has already been defined to be- 
the measure of its surface (Bk. IV. Def. 7). This measure is 
merely the number of squares which the figure contains. 

A square whose side is one inch, one foot, or one yard, 
&c., is called the measuring unit ; and the area or contents of 
a figure is expressed by the number of such squares which 
the figure contains. 


2. In the questions involving decimals, the decimals are 
generally carried to four places, and then taken to the nearest 
figeure. That is, if the fifth decimal figure is 5, or greater 
than 5, the fourth figure is increased by one. 


3. Surveyors, in measuring land, generally use a chain 
called Gunter’s chain. This chain is four rods, or 66 feet in 
length, and is divided into 100 links. 


4. An acre is a surface equal in extent to 10 square chains; 
that is, equal to a rectangle of which one side is ten chains 
and the other side one chain. , 

One quarter of an acre, is called a rood. 

Since the chain is 4 rods in length, 1 square chain contains 
16 square rods ; and therefore, an acre, which is 10 square 
chains, contains 160 square rods, and a rood contains 40 
square rods. The square rods are called perches. 


“~ 
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5. Land is generally computed in acres, roods, and perches 
which are respectively designated by the letters A, R, P. 

When the linear dimensions of a survey are chains or links 
the area will be expressed in square chains or square links, : 
and it is necessary to form a rule for reducing this area to 
acres, roods, and perches. For this purpose, let us form the 
following 


TABLE. 


1 square chain=100 x 100=10000 square links. 
1 acre=10 square chains=100000 square links. 
1 acre=4 roods=160 perches. 

1 square mile=6400 square chains=640 acres. 


6. Now, when the linear dimensions are links, the area 
will be expressed in square links, and may be reduced to 
acres by dividing by 100000, the number of square links in an 
acre: that is, by pointing off five decimal places from: the 
right hand. 

If the decimal part be then multiplied by 4, and five places 
of decimals pointed off from the right hand, the figures to the 
left hand will express the roods. 

If the decimal part of this result be now multiplied by 40, 
and five places for decimals pointed off, as before, the figures . 
to the left will express the perches. 

If one of the dimensions be in links, and the other in chains, 
the chains may be reduced to links by annexing two ciphers 
or, the multiplication may be made without annexing the ci- 
phers, and the product reduced to. acres and decimals of an 
acre, by pointing off three decimal. places at the right hand. 

When both dimensions are in chains, the product is re- 


OF GEOMETRY. 213 


——_~—. 


Mensuration of Surfaces. 


duced to acres by dividing by 10, or pointing off one decimal 
place. : 
From which we conclude: that, 
hl links be multiplied by links, the product is reduced to 
. acres by pointing off five decimal places from the right hand. 
Il. If chains be multiplied by links, the product is reduced to ~ 
acres by pointing off three decimal places from the right hand. 
Ill. If chains be multiplied by chains, the product ts reduced 
to acres by pointing off one decimal place from the right hand. 
7. Since there are 16.5 feet in a rod, a square rod is equal 
to 16.5 x 16.5=272.25 square feet. 
If the last number be multiplied by 160, we shall have 
272.25 X 160=43560 the square feet in an acre. _ 
Since there are 9 square feet in a square yard, if the last 


number be divided by 9, we obtain 
4840—the number of square yards in an acre. 


PROBLEM I. 
To find the area of a square, a rectangle, a rhombus, or a 
parallelogram. 
RULE. 


Multiply the base by the perpendicular height and the product 
will be the area (Bk. IV. Th. viii). 


EXAMPLES. 

D 5 
1. Required the area of the square 
ABCD, each of whose sides is 36 feet 
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We multiply two sides of 
the square together, and the 
product is the area in square 36 X36=1296 sy. ft. 


Operation. 


feet. 


2. How many acres, roods, and perches, in a square whose 
side is 35.25 chains ? Ansali24 2A tes | P. 


3. What is the area of a square whose side is 8 feet 4 
inches? Ans. 69 ft. 5! 4", 


4. What is the contents of a square field whose side is 46 
rods ? Ans. 13 A. O.R.-36 P. 


5. What is the area of a square whose side is 4769 yards ? 
Ans. 22743361 sq. yds 


6. What is the area of the parallelo- D c 
gram ABCD, of which the base AB is 
64 feet, and altitude DE, 36 feet? 4 
We multiply the base 64, 
by the perpendicular height Operation. 
36, and the product is the re- 64 x 36=2304 sg. ft. 


quired area. 


7. What is the area of a parallelogram whose base is 12.25 
yards, and altitude 8.5? Ans. 104,125 sq. yds. 


8. What is the area of a parallelogram whose base is 8.75 
chains, and altitude 6 chains? Ans. 5 A. 1R. 0 P. 


9. What is the area of a parallelogram whose base is 7 feet 
9 inches, and altitude 3 feet 6 inches 2 
Ans. 27 sq. ft. 1' 6", 
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1Q. To find the area of a rectangle 
ABCD, of which the base AB=45 
yards, and the altitude AD=15 yards. 

Here we simply multiply 
the base by the altitude, and 
the product is the area. 


Operation 
45 X15=675 sq. yds. 


11. What is the area of a rectangle whose base is 14 feet 
6 inches, and breadth 4 feet 9 inches? 
Ans. 68 sq. ft. 10’ 6”. 
12. Find the area of a rectangular board whose length is 
112 feet, and breadth 9 inches. * Ans. 84 sq. ft. 


13. Required the area of a rhombus whose base is 10.51 
and breadth 4.28 chains. Ansa4 Aan leltemo Seles 


14. Required the area of a rectanyle whose base is 12 feet 

6 inches, and altitude 9 feet 3 inches. 
Ans ALS sg. ft 7.0. 
PROBLEM II. 

To find the area of a triangle, whea the base and altitude 
are known. 
RULE. 

I. Multiply the base by the altitude, and half the product will 
be the area. 

Il. Multiply the base by half the altitude and the product will 
be the area (Bk. IV. Th. ix). 


EXAMPLES. 
C 


1. Required the area of the triangle 
ABC, whose base AB is 10,75 feet, 
and altitude 7,25 feet. 


15 
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Operation. 
We first multiply the base 10,75 X '7,25=77,9375 
by the altitude, and then di- and 
vide the product by 2. 77,9375 —~2—38,96875 
=area. 


2. What is the area of a triangle whose base is 18 feet 4 
inches, and altitude 11 feet 10 inches ? 
Ans. 108 sg. ft. 5’ 8”. 
3. What is the area of a triangle whose base is 12.25 


chains, and altitude 8.5 chains ? ANS=O AcsOsheadmias 


4, What is the area of a triangle whose base is 20. feet, 
and altitude 10.25 feet. Ans. 102.5 sg. ft. 


5. Find the area of a triangle whose base is 625 and alti- 
tude 520 feet. Ans. 162500 sq. ft. 


6. Find the number of square yards in a triangle whose 
base is 40 and altitude 30 feet. Ans. 663 sq. yds. 


7. What is the area of a triangle whose base is 72.7 yards, 
and altitude 36.5 yards ? Ans. 1326,775 sq. yds 


PROBLEM Ill. 


To find the area of a triangle when the three sides are 
known. 


RULE, 
I. Add the three sides together and take half their sum. 
Il. From this half sum take each side separately. 


III. Multiply together the half sum and each of the three 
remainders, and then extract the square root of the product, 
which will be the required area. 
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EXAMPLES. 


1. Find the area of a triangle whose sides are 20, 30, and 
40 rods. . 


20 45 45 45 

30 20 30 40 

40 25 Ist rem. 15 2d rem. 5 3d rem. 
2)90 


“45 half sum, 


' Then, to obtain the product, we have 
45 X25 X15 x 5=84375 ; 
from which we find 


area= 7/84375 =290,4737 perches. 


2. How many square yards of plastering are there in a tri- 
angle, whose sides are 30, 40, and 50 feet? Ans. 663. 


3. The sides of a triangular field are 49 chains, 50,25 


chains, and 25.69: what is its area? 
Ans. 61 A. 1 R. 39,68 P. 


4, What is the area of an isosceles triangle, whose base is 
20, and each of the equal sides 15? Ans. 111 803. 


5. How many acres are there in a triangle whose three 
sides are 380, 420 and 765 yards. Ans.9 A. OR. 38 P. 


6. How many square yards in a triangle whose sides are 
13, 14, and 15 feet. Ans. 93. 


' What is the area of an equilateral triangle whose side 
is 25 feet? Ans. 270.6329 sq. ft. 


8. What is the area of a triangle whose sides are 24, 36, 


2 Ans 418.282 sq. yds, 
and 48 yards es 
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PROBLEM IV. 


To find the hypothenuse of a right angled triangle when 
the base and perpendicular are known. 


RULE. 
1. Square each of the sides separately. 
II. Add the squares together. 


Ill. Eatract the square root of the sum, which will be the hy- 
pothenuse of the triangle (Bk. IV. Th. xii). 


EXAMPLES. - 
1. In the right angled triangle ABC, Be 
we have, AB=30 feet, BC=40 feet, to 
find AC, 
A B 
We first square each side, Operation. 
and then take the sum, of eae ; 
2 30°= 900 
which we extract the square ae 
root, which gives 40°=1600 
AC=+/2500=50 feet. a 


2. The wall of a building, on the brink of a river, is 120 
feet high, and the breadth of the river 70 yards: what is the 
length of a line which would reach from the top of the wall to 
the opposite edge of the river ? Ans. 241.86 ft. 

3. The side roofs of a house of which the eaves are of the 
same height, form a right angle at the top. Now, the length 
of the rafters on one side is 10 feet, and on the other 14 feet: 
what is the breadth of the house ? Ans. 17.204 ft. 


4. What would be the width of the house, in the last ex- 
ample, if the rafters on each side were 10 feet ? 
Ans. 14,142 ft. 
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5. What would be the width, if the rafters on each side 
were 14 feet? Ans. 19.7989 fi. 


PROBLEM V. 
When the hypothenuse and one side of a right angled tri- 
angle are known, to find the other side 
RULE. 


Square the hypothenuse and also the other given side, and 
take their difference: extract the square root of this difference, 
and the result will be the required side (Bk. 1V. Th. xii. Cor.). 


EXAMPLES. 


1. In the rightangled triangle ABC, 
there are given 


AC=50 feet, and AB=40 feet, 
required the side BC. 


B Cc 
We first square the hypoth- Operation 
enuse and the other side, after i 
E : 50° =2500 
which we take the difference, eae ee 
and then extract the square Dill =600 


root, which gives 
BC=+7/900=30 feet. 
2 The height of a precipice on the brink of a river is 103 


feet, and a line of 320 feet in length will just reach from the 
top of it to = opposite bank: required the breadth of the 


river. . Ans. 302.9703 ft. 
3. The hypothenuse oi a triangle is 53 yards, and the per 
-pendicular 45 yards: what is the base? Ans. 28 yds. 


4. A ladder 60 feet in length, will reach to a window 40 
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feet from the ground on one side of the street, and by turning 
it over to the other side, it will reach a window 50 feet from 
the ground: required the breadth of the street. 

Ans. 77.8875 ft. 


PROBLEM VI. 
To find the area of a trapezoid. 
RULE. 


Multiply the sum of the parallel sides by the perpendicular 
distance between them, and then divide the product by two: the 
quotient will be the area (Bk. IV. Th. x). 


EXAMPLES. 


1. Required the area of the trapezoid 
ABCD, having given sf oT 
AB=321.51 feet, DC=214.24 feet, and CH=171.16 feet 


Operation. 
321.514+214.24—535.75= 


sum of parallel sides. 
the perpendicular height, after Then 


which, we divide the product 
by 2, for the area. 


We first find the sum of the 
sides, and then multiply it by 


535.75 x 171.16 =91698.97 


and, eee —— =45849.485 


| =the area. 


2. What is the area of a trapezoid, the parallel sides of 
which, are 12.41 and 8.22 chains and the perpendicular dis- 
tance between them 5.15 chains? 

Ans. 5 A.1 R. 9.956 P, 


3. Required the area of a trapezoid whose parallel sides 
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are 25 feet 6 inches, and 18 feet 9 inches, and the perpen- 
dicular distance between them 10 feet and 5 inches. 
Ans. 230 sq. ft. 5’ 7”. 


4. Required the area of a trapezoid whose parallel sides 
are 20.5 and 12.25, and the perpendicular distance between 
them 10.75 yards. Ans. 176.03125 sq. yds. 


5. What is the area of a trapezoid whose parallel sides are 
7.50 chains, and 12.25 chains, and the perpendicular height 
15.40 chains 2? Ans. 15 A. 0 R. 33.2 P 


PROBLEM VII. 
To find the area of a quadrilateral. 


*. RULE. 


Measure the four sides of the quadrilateral, and also one of the 
diagonals: the quadrilateral will thus be divided into two trian- 
gles, in both of which all the sides will be known. Then, find 
the areas of the triangles separately, and their sum will be the 
area of the quadrilateral. ~ 


EXAMPLES, 


1. Suppose that we have meas- 2 
ured the sides and diagonal AC, of. & 
the quadrilateral ABCD, and found 


A 
AB=40.05 chains; [D=29.87 chains, 
BC=26.27 chains AD=37.07 chains, 
and AC=55 chains: 


required the area of the quadrilateral. 


1o* Ans. 101 A. 1 R. 15 P 


D2? APPLICATIONS 


—— 


Mensuration of Surfaces. 


Remarx.—Instead of measuring 
the four sides of the quadrilateral, 
we may let fall the perpendicu- 
lars Bb, Dg, on the diagonal AC. 
The area of the triangles may then 
be determined by measuring these 
perpendiculars and diagonal AC. The pendiculars are,Dg= 
18.95 chains, and Bb=17.92 chains. 


2. Required the area of a quadrilateral whose diagonal is 
60.5, and two perpendiculars 24.5, and 30.1 feet. 
Ans. 2197.65 sq. ft. 


3. What is the area of a quadrilateral whose diagonal is 
108 feet 6 inches, and the perpendiculars 56 feet 3 inches, 
and 60 feet 9 inches? Ans. 6347 sq. ft. 3’. 


4. How many square yards of paving in a quadrilateral 
whose diagonal is 65 feet, and the two perpendiculars 28, and 
333 feet ? Ans. 22275 sq. yds. 

5. Required the area of a quadrilateral whose diagonal is 
42 feet, and the two perpendiculars 18, and 16 feet. 

Ans. 714 sq. ft. 

6. What is the area of a quadrilateral in which the diago- 
nal is 320,75 chains, and the two perpendiculars 69.73 chains, 
and 130.27 chains ? Ans. 3207 A. 2 R. 


PROBLEM VIII. 
To find the area of a regular polygon. 
RULE. 


Multiply half the perimeter of the figure by the perpendicular 
let fall from the centre on one of the sides, and the product will 
be the area (Bk. IV. Th. xxvi) 
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EXAMPLES. 


1. Required the area of the regular 
pentagon ABCDE, each of whose Oo fs 
sides AB, BC, &c., is 25 feet, and 


the perpendicular OP, 17.2 feet. 
Aas PPaee 1 


We first multiply one side Operation. 
by the number of sides and | 95,5 
divide the product by 2: this 
gives half the perimeter which | eter. Then, 
we multiply by the perpen- | 625x17.2=1075 sq. ft.=the 
dicular for the area. area. 


=62.5—half the perims 


2. The side of a regular pentagon is 20 yards, and the per- 
pendicular from the centre on one of the sides 13,76382; re- 
quired the area. 

Ans. 688.191 sq. yds. 

3. The side of a regular hexagon is 14, and the perpen- 
dicular from the contre on one of the sides 12.1243556: re- 


quired the area. 
Ans. 509.2229352 sq. ft. 


4. Required the area of a regular hexagon whose side is 
14.6, and perpendicular from the centre 12.64 feet. 
Ans. 553.632 sq ft. 


5. Required the area of a heptagon whose side is 19,38 


nd perpendicular 20 feet. 
ee Ans. 1356.6 sq. ft. 


The following table shows the areas of the ten regular 
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polygons when the side of each is equal to 1: it also shows 
the length of the radius of the inscribed circle. 


Names. Areas. 
Triangle, 0.4330127 0.2886751 
Square, 1.0000000 0.5000000 
Pentagon, 1.7204774 0.6881910 
Hexagon, 2.5980762 0.8660254 
Heptagon, 3.6339124 1.0382617 
Octagon, 4,8284271 1.2071068 
Nonagon, 6.1818242 1.3737387 
Decagon, 7.6942088 1.5388418 
Undecagon, 9.3656404 1.2028437 
Dodecagon, 11,1961524 1.8660254 


Now, since the areas of similar polygons are to each other 
as the squares described on their homologous sides (Bk. 1V 
Th. xx), we have 


2 : 
1 tabular area any side squared area. 


Hence, to find the area of a regular polygon, we have the 
following 


RULE. 
I Square the side of the polygon. 


II. Multiply the square so found, by the tabular area set oppo- 


site the polygon of the same number of sides, and the product 
will be the area. 


EXAMPLES. 
1. What is the area of a regular hexagon whose side is 202 


20°—400 and tabular area=2,5980762. 


Hence, 
2.5980762 x 400=1039.23048—the area. 


ae 
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2. What is the area of a pentagon whose side is 25? 
Ans. 1075.298375. 
3. What is the area of a heptagon whose side is 30 feet 
Ans. 3270.52116 
4. What is the area of an octagon whose side is 10 feet | 
Ans. 482.84271 sq. ft 
5. The side of a nonagon is 50: what is its area? 
Ans. 15454.5605 


6. The side of an undecagon is 20: what is its area? 
Ans. 3746.25616. 


7. The side of a dodecagon is 40: what is its area? 
Ans. 17913.84384. 


PROBLEM IX. 
To find the area of a long and irregular figure, bounded on 
one side by a straight line. 
RULE. 
I. Divide the right line or base into any number of equal 


parts, and measure the breadth of the figure at the points of di-. 
vision, and also at the extremities of the base. 


II. Add together the intermediate breadths, and half the sum 
of the extreme ones. 

Ill. Multiply this sum by the base line, and divide the product 
by the number of equal parts of the base. 


EXAMPLES. 

1. The breadths of an irregu- ea 
lar figure, at five equidistant ic pet : : 
places, A, B, C, D, and E, be i —j—t 
ing 8.20 chains, 7.40 chains, 
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foe OS OT Oe —————————— 
9.20 chains, 10.20 chains, and 8.60 chains, and the whole 
length 40 chains: required the area. 


8.20 35.20 
8.60 40 
2)16.80 4)1408.00 ‘ 
* 8.40 mean of the extremes. 352.00 square chains. j 
7.40 
9.20 
10.20 


35.20 the sum. 
p5Pes Ans. 35 A. 32 P. 

2. The length of an irregular piece of land being 21 chains 
and the breadths, at six equidistant points, being 4.35 chains 
5.15 chains, 3.55 chains, 4.12 chains, 5.02 chains, and 6.10 
chains: required the area. Ans. 9 A. 2 R. 30 P. 

3. The length of an irregular figure is 84 yards, andthe ° 
breadths at six equidistant places are 17.4; 20.6 ; 14.2; 16.5; 
20.1; and 24.4: what is the area? Ans. 1550.64 sg. yds. 

4. The length of an irregular field is 39 rods, and its 
breadths at five equidistant places, are 4.8; 5.2; 4.1; 7.3, 
and 7.2 rods: what is its area? Ans. 220.35 sq. rods. 

5. The length of an irregular field is 50 yards, and its 
breadths at seven equidistant points, are 5.5; 6.2; 7.3; 6; 
7.5; 7; and 8.8 yards: what is its area? 

Ans. 342.916 sq. yds. 

6. The length of an irregular figure being 37.6, and the 
breadths at nine equidistant places, 0; 4.4; 6.5; 7.6; 5.4; 8; 
5.2; 6.5; and 6.1: what is the area? Ans. 219.255. 
PROBLEM X. ’ 


To find the circumference of a circle when the diameter is 
known. 
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RULE 
Multiply the diameter ‘by 3.1416, and the product will be the 
circumference. 

EXAMPLES. 

1. What is the circumference of a circle whose diameter 
is 17? 

We simply multiply the 
number 3.1416 by the diam- 
eter, and the product is the 


Operation. 
3.1416 x 17=53.4072, 


: which is the circumference. 
circumference. 


2. What is the circumference of a circle whose diameter is 


40 feet? Ans. 125.664 ft. 
3. What is the circumference of a circle whose diameter is 
12 feet? Ans. 37,6992 ft. 


4. What is the circumference of a circle whose diameter is 
22 yards ? Ans. 69.1152 yds. 


5. What is the circumference of the earth—the mean diam: 
eter being about 7921 miles? Ans. 24884.6136 mi. 


PROBLEM XI. 


To find the diameter of a circle when the circumference is 
known. 
RULE. 
Divide the circumference by the number 3.1416, and the quo- 
tient will be the diameter. 


EXAMPLES, 


1, The circumference of a circle is 69.1152 yards: what 
is the diameter? 


228 APPLICATIONS 


Mensuration of Surfaces. 


We simply divide the cir- Operation. 
cumference by 3.1416, and 3-1416)69 1152(22 
the quotient 22 is the diam- ; 62832 

62832 
eter soughs. 69832 


2. What is the diameter of a circle whose circumference is 


11652.1944 feet ? Ans. 3709. 
3. What is the diameter of a circle whose circumference is 
68502 Ans. 2180.4176. 
4. What is the diameter of a circle whose circumference is 
50? Ans. 15.915. 
5. If the circumference of a circle is 25000.8528, what is 
the diameter ? Ans. 7958. 


PROBLEM XII. 

To find the length of a circular arc, when the number of 
degrees which it contains, and the radius of the circle are 
known. 

RULE. 

Multiply the number of degrees by the decimal .01745, and 

the product arising by the radius of the circle. 


EXAMPLES. 


1. What is the length of an arc of 30 degrees, in a circle 
whose radius is 9 feet. 


We merely multiply the Operation. 
given decimal by the number 01745 x 30 xX 9=4.7115, 
of degrees, ani by the radius. | which is the length of the arc 


Remarx.—When the arc contains degrees and minutes, re- 
duce the minutes to the decimals of a degree, which is done 
by dividing them by 60. 
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2. What is the length of an are containing 12° 10/ or 
125,° the diameter of the circle being 20 yards? 


Aas. 2.1231 
3. What is the length of an arc of 10° 15’ or 101°, in a 
circle whose diameter is 68? Ans. 6.0813. 


PROBLEM XIII. 

To find the length of the arc of a circle when the chord 

and radius are given. 
RULE. 

I. Find the chord of half the are. 

II. From eight times the chord of half the arc, subtract the 
chord of the whole arc, and divide the remainder by 3, and the 
quotient will be the length of the arc, nearly. 


EXAMPLES. 


1. The chord AB=30 feet, and the 
radius AC=20 feet: what is the 
length of the arc ADB? 

First draw CD perpendicular to the 
chord AB: it will bisect the chord at 
P, and the arc of the chord at D. 


? 


Then AP=15 feet. Hence, 
AC’—AP*—CP’: that is, 
400—225=175 and 4/175=13.228—CP. 
Then CD— CP=20—13.228=6.772=DP. 
Again, AD= VAP’ + PD = /225-+45.859984 
hence, AD=16.4578=chord of the half arc. 
Then, 16.4578 x 8—30 


20° 3 


mS 


= 33.8874—are ADB. 


2 
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2. What i the length of an are the chord of which is 24 
feet, and the radius of the circle 20 feet ? 
Ans. 25.7309 ft. 
3. The chord of an arc is 16 and the diameter of the circle 
20: what is the length of the arc ? Ans. 18.5178. 


4. The-chord of an are is 50, and the chord of half the 
arc is 27: what is the length of the arc? Ans. 55}. 


PROBLEM X1V. 


To find the area of a circle when the diameter and circum- 
ference are both known. 


RULE. 


Multiply the circumference by half the radius and the product 
will be the area (Bk. TV. Th. xxvii). 
EXAMPLES. 

1. What is the area of a circle whose diameter is 10, and 
circumference 31.416? 

If the diameter be 10, the 
radius is 5, and half the ra- Operation. 
dius is 23: hence, the cir- 31.416 x 23=78.54; 
cumference multiplied by 23 | which is the area. 
gives the area. 


2. Find the area of a circle whose diameter is 7; and cir- 
cumference 21.9912 yards. Ans. 38.4846 yds. 


3. How many square yards in a circle whose diameter is 
34 feet, and circumference 10,9956. Ans. 1.069016. 


4. What is the area of a circle whose diameter is 100, and 
circumference 314.16? Ans. 7854 


~ 
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5. What is the area of a circle whose diameter is 1, and 
circumference 3.1416. Ans. 0.7854. 


6. What is the area of a circle whose diameter is 40, and 
circumference 131.9472 2 Ans. 1319.472. 


PROBLEM XV. 


To find the area of a circle when the diameter only is 
known. 


RULE. 
Square the diameter, and then multiply by the decimal .7854. 
EXAMPLES. 


What is the area of a circle whose diameter is 52 


We square the diameter, Operation. 
which gives us 25, and we 7854 
then multiply this number B= 25 
and the decimal .7854 to- 39270 

15708 
gether. 


area= 19.6350 


2. What is the area of a circle whose diameter is 7? 
Ans. 38.4846. 


3. What is the area of a circle whose diameter is 4,5 ? 
Ans. 15.90435. 


4, What is the number of square yards in a circle whose 
diameter is 1} yards ? Ans. 1.069016. 


5. What is the area of a circle whose diameter is 8.75 
feet ? Ans. 60.1322 sq. ft. 
PROBLEM XVI. 


To find the area of a circle when the circumference only 
is known. 


232 APPLICATIONS 


Mensuration of Surfaces. 


RULE. 


Dultiply the square of the circumference by the decimal .07958, 
and the product will be the area very nearly. 


EXAMPLES. 


1. What is the area of a circle whose circumference is 
3.1416? 


3 Operation. 

We first square the cir- | : Le 
: 3.1416 =9,86965056 
cumference, and then multi- onee 
ply by the decimal .07958. area= 7854-0 


2. What is the area of a circle whose circumference is 911 
Ans. 659.00198. 


3. Suppose a wheel turns twice in tracking 16} feet, and 
that it turns just 200 times in going round a circular bowling- 
green: what is the area in acres, roods, and perches? 

Ans. 4 A. 3 R. 35.8 F. 


4, How many square feet are there in a circle whose cir- 
cumference is 10.9956 yards? Ans. 86.5933. 


5. How many perches are there in a circle whose circum: 
ference is 7 miles ? Ans. 399300.608. 


PROBLEM XVII. 


Having given a circle, to find a square which shall have an 
equal area. 


RULE. 
I. The diameter x .8862=side of an equivalent square 
Il. The circumference x .2821=side of an equwalent square. 
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EXAMPLES. 


1. The diameter of a circle is 100: what is the side of a 
square of equal area? Ans. 88.62. 


2. The diameter of a circular fishpond is 20 feet, what 
would be the side of a square fishpond of an equal area? 
Ans. 17.724 ft. 


3. A man has a circular meadow of which the diameter is 
875 yards, and wishes to exchange it for a square one of equal 
size: what must be the side of the square? 

Ans. 775.425. 


4. The circumference of a circle is 200: what is the side 
of a square of an equal area? Ans. 56.42. 


5. The circumference of a round fishpond is 400 yards: © 
what is the side of a square pond of equal area? 
Ans. 112.84. 


6. The circumference of a circular bowling-green is 412 
yards: what is the side of a square one of equal area? 
Ans. 116.2252 yds. 


7. The circumference of a circular walk is 625: what is 


the side of a square containing the same area? 
Ans. 176.3125. 


PROBLEM XVIII. 


Having given the diameter or circumference of a circle, to 
find the side of the inscribed square. 


RULE. 
1. The diameter x .7071=side of the inscribed square. 


Ul. The. circumference X .2251=side of the inscribed square. 
20* 
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EXAMPLES. 


1. The diameter AB of a circle 

ie 400: what is the value of AC, 

the side of the inscribed square ? ol E 
Here, , 


.7071 x 400=282.8400=AC. 


2. The diameter of a circle is 412 feet: what is the side 
of the inscribed square? Ans. 291.3252 ft. 


8. If the diameter of a circle be 600 what is the side of 
the inscribed square ? Ans. 424.26. 


4. The circumference of a circle is 312 feet: what is the 
side of the inscribed square ? Ans. 70.2312 ft. 


5. The circumference of a circle is 819 yards: what is the 
side of the inscribed square ? Ans. 184.3569 yds. 


6. The circumference of a circle is 715: what is the side 
of the inscribed square ? Ans. 160.9465. 


7. The circumference of a circular walk is 625: what is 
the side of an inscribed square ? Ans. 140.6875. 


PROBLEM XIX. 
To find the area of a circular sector. 
RULE. 
I. Find the length of the arc by Problem XII. 


Il. Multiply the arc by one half the radius, and the product 
will be the area, 
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EXAMPLES. 


1. What is the area of the circular 


sector ACB, the arc AB containing releaere 
18°, and the radius CA being equal to 
3 feet. A ES. 


First, 01745 X18 x 3=.94230=length AB. 

Then, 94230 x 15=1.41345=area 

2. What is the area of a sector of a circle in which the ra- 
dius is 20 and the arc one of 22 degrees ? 

Ans. 76.7800. 

3. Required the area of a sector whose radius is 25 and 
the arc of 147° 29’. Ans. 804.2448. 

4. Required the area of a semicircle in which the radius is 
13. : Ans. 265.4143. 

5. What is the area of a circular sector when the length of 


the arc is $50 feet-and the radius 325? 
Ans. 105625 sq. ft. 


PROBLEM XX. 


To find the area of a segment of a circle. 


RULE. 

I. Find the area of the sector having the same arc with the 
segment, by the last Problem. 

Il. Find the area of the triangle formed by the chord of the 
segment and the two radii through its extremities. 

III. If the segment is greater than the semicircle, add the two 
areas together; but if it is less, subtract them, and the result in 
either case, will be the area required. 
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EXAMPLES. 


1. What is the area of the seg- D 
ment ADB, the chord AB=24 
feet and CA=20 feet. 
First; — CPR=4/ eee Vas 
= =4/400—144=16 


Then, 
PD=CD—CP=20—16=4. 


And, AD=+/AP'4+PD*=1/144+16=12,64911 : 
12,64911 x 8—24 


then, arc ADB= 5 = 25,7309. 

Are ADB=25,7309 AP=12 
half radius — ae 10 CP=16 
area sector ADBC=257,3090 area CAB=192 
area CAB=192, eee 


65,309 =area of segment ADB 


2. Find the area of the segment 
AFB, knowing the following lines, 
viz; AB=20.5; FP—1717; AF 
=20; FG=11.5; and CA=11.64. 


F 
FGx8—AF_11.5x8—20 
3 > 3 

and sector AGFBC=24x11.64=279.36: 


but CP=FP—AC=17.17—11.64—5.53: 


Arc AGF= =94; 


Then, area A ag aoe me ———_—— = 56.6825, 
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Then, area of sector AFBC=279.36 
do. of triangle ABC= 56.6825 
gives area of segment AFB=336.0425 


3 What is the area of a segment; the radius of the circle 
being 10 and the chord of the are 12 yards? 
Ans. 16,324 sq. yds. 


4. Required the area of the segment of a circle whose 
chord is 16, and the diameter of the circle 20. 
Ans. 44,5903. 


- 5. What is the area of a segment whose arc is a quadrant, 
the diameter of the circle being 18? Ans. 63.6174. 


6. The diameter of a circle is 100, and the chord of the 
segment 60: what is the area of the segment? 
: Ans. 408, nearly. 


PROBLEM XXl. 
To find the area of an ellipse. 
Multiply the two axes together, and their product by the decima- 
;7854, and the result will be the required area. 


EXAMPLES. 


1. Required the area of an ellipse, E 


whose transverse axis AB=70 feet, A aa 
and the conjugate axis DE —50 feet. 


ABxDE=70 x 50=3500: 
Then, £7854 xX 3500 =2748.9=area. 


2. Required the area of an ellipse whose axes are 24 and 
18. Ans. 339.2928. 
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3. What is the area of an ellipse whose axes are 80 and 
602 Ans. 3769.92. 


4, What is the area of an ellipse whose axes are 50 and 
45? Ans. 1767.15. 


PROBLEM XXII. 


To find the area of a circular ring: that is, the area m- 
cluded between the circumferences of two circles, having a 
common centre. 


RULE. 


I. Square the diameter of each ring, and subtract the square 
of the less from that of the greater. 


Il. Multiply the difference of the squares by the decimal 
7854, and the product will be the area. 


EXAMPLES. 


1. In the concentric circles 
having the common centre C, we 
have 


A 
AB=10 yds., and DE=6 yards: 
what is the area of the space in- 
cluded between them? 


BA*—10°=100 


DE’ = 6 = 36 
Difference=64 
Then, 63 x .7854= 50.2656 =area. 


2. What is the area of the ring when the diameters of the 
circle are 20 and 10? Ans. 235,62, 
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3. If the diameters are 20 and 15, what will be the area in- 
cluded between the circumferences ? Ans. 137.445, 


AL She the diameters are 16 and 10, what will be the area in- 
cluded between the circumferences ? Ans. 122.5224. 


5 ‘Two diameters are 21.75 and 9.5; required the area of 
the circular ring. Ans. 300.6609. 


6. If the two diameters are 4 and 6, what is the area of the 
ring ? Ans. 15,708 


MENSURATION OF SOLIDS. 


DEFINITIONS. 


The mensuration of solids is divided into two parts. 

lst, The mensuration of the surfaces of solids: and 
2d, The mensuration of their solidities. 

We have already seen that the unit of measure for plane 
surfaces, is a square whose side is the unit of length (Bk. IV 
Def. 7). 

2. A curve line which is expressed by numbers is also re- 
ferred to an unit of length, and its numerical value 1s the num- 
ber of times which the line contains the unit. 

If then, we suppose the linear unit to be reduced to-a 
straight line, and a square constructed on this line, this square 
will be the unit of measure for curved surfaces. 


3. The unit of solidity is a cube, whose edge is the unit in 
which the linear dimensions of the solid are expressed; and 
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the face of this cube is the superficial unit in which the sur- 
face of the solid is estimated (Bk. VI. Th. xiii. Sch). 
4, The following is a table of solid measure. 


1 cubic foot =1728 cubic inches. 


1 cubic yard =27 cubic feet. 
1 cubic rod =4492} cubic feet. 
1 ale gallon =282 cubic inches. 
1 wine gallon=231 cubic inches. 
1 bushel =2150,42 cubic inches. 


PROBLEM I. 


To find the surface of a right prism. 


RULE. 


Multiply the perimeter of the base by the altitude and the pro- 
duct will be the convex surface: and to this add the area of the 
bases, when the entire surface is required (Bk. VI. Th. i). 


EXAMPLES 


1. Find the entire surface of the 
regular prism whose base is the reg- 
ular polygon ABCDE and altitude 
AF, when each side of the base is 
20 feet and the altitude AF, 50 feet. - 


AB+BC+CD+DE+£EA=100; and AF=50: then 
(AB+ BC+ CD+DE+ EA) x AF=convex surface 
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which becomes, 100 x50=5000 square feet; which is the 
convex surface, For the area of the end, we have 
AB? x tabular number=area ABCDE : 


that is, 20° x tabular number, or 400 x 1.720477 =688.1908 — 
the area ABCDE. 


Then, convex surface =5000 square feet. 
lower base 688.1908 square feet. 
upper base 688.1908 square feet. 


Entire surface 6376.3816 


2. What is the surface of a cube, the length of each side 
being 20 feet ? Ans. 2400 sq. ft. 


3. Find the entire surfave of a triangular prism, whose base 
is an equilateral triangle, having each of its sides equal to 18 
inches, and altitude 20 feet. Ans. 91.949 sq. ft. 


4, What is the convex surface of a regular octagonal prism, 
the side of whose base is 15 and altitude 12 feet? 
Ans. 1440 sq. ft. 


5. What must be paid for lining a rectangular cistern with 
lead at 2d a pound, the thickness of the lead being such as to 
require 7b. for each square foot of surface ; the inner dimen- 
sions of the cistern being as follows: viz. the length 3 feet 2 
inches, the breadth 2 feet 8 inches, and the depth 2 feet 6 
inches ? Ans. £2 3s. 103d. 


PROBLEM II 


To find the solidity of a prism. 


RULE. 


Multiply the area of the base by the perpendicular height, and 
21 the product will he the solidity. 


— 
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EXAMPLES. 


1, What is the solidity of a reg- 
war pentagonal prism whose altitude 
is 20, and each side of the base 15 
feet ? 

To find the area of the base we 
have by Problem VIII. page 178. 


15°=225: and 225 x 1.7204774=—387.107415— 


the area of the base: hence, 
387,107415 x 20=7742.1483 =solidity. 


2. What is the solid contents of a cube whose side is 24 
inches 2? Ans. 13824 solid in. 


3. How many cubic feet in a block of marble, of which the 
length is 3 feet 2 inches, breadth 2 feet 8 inches, and height 
or thickness 2 feet 6 inches ? Ans. 215 solid ft. 


4. How many gallons of water, ale measure, will a cistern 
contain whose dimensions are the same as in the last ex- 
ample ? Ans. 12934. 


5. Required the solidity of a triangular prism whose alti- 
tude is 10 feet, and the three sides of its triangular base 3, 4, 
and 5 feet. Ans. 60 solid ft. 


6. What is the solidity of a square prism whose height is 
5} fect, and each side of the base 14 fcot? 
Ans, 9% solid ft. 
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7. What is the solidity of a prism whose base is an equi- 
sateral triangle, each side of which is 4 feet, the height of the 
prism being 10 feet? Ans. 69.282 solid ft. 


8. What is the number of cubic or solid feet in a regular 
pentagonal prism of which the altitude is 15 feet and cach 
side of the base 3.75 feet? Ans. 362.913 


PROBLEM III. 


To find the surface of a regular pyramid. 


RULE. 


Multiply the perimeter of the base by half the slant height, 
and the product will be the convex surface: to this add the area 
of the base, tf the entire surface is required (Bk. VI. Th vi) 


EXAMPLES. 


1. In the regular pentagonal pyramid 
S—-ABCDE, the slant height SF is 
equal to 45, and each side of the base 
is 15 feet: required the convex sur- 
face, and also the entire surface. 


15 x 5=75=perimeter of the base, 
75 X 224—1687.5 square feet=area of 4a 
B 
A 


convex surface. 


And 15°=225: then 225 x 1.7204774=387.107415=the area 
of the base. 
Hence, convex surface =1687.5 

area of the base= 387.107415 
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2. What is the convex surface of a regular triangular pyra- 
mid, the slant height being 20 feet, and each side of the base 
3 feet 2 Ans. 90 sq. ft 


3. What is the entire surface of a regular pyramid whose 
slunt height is 15 feet, and the base a regular pentagon, of 
which each side is 25 feet? Ans. 2012.798 sq. ft. 


PROBLEM IV. 


To find the convex surface of the frustum of a regular 
pyramid. ; 
RULE. 


Multiply half the sum of the perimeters of the two bases by 
the slant height of the frustum, and the product will be the con- 
vex surface (Bk. VI. Th. vii). 

EXAMPLES. 

1. In the frustum of the regular pen- 
tagonal pyramid each side of the lower 
base is 30, and each side of the upper 
base is 20 feet, and the slant height 
fF is equal to 15 feet. What is the 
convex surface of the frustum ? 


Ans. 1875 sq. ft. < 


2. How many square feet are there in the convex surface 
of the frustum of a square pyramid, whose slant height is 10 
feet, each side of the lower base 3 feet 4 inches, and each 
side of the upper base 2 feet 2 inches’ Ans. 110. 


3. What is the convex surface ot the frustum of a heptago 
nal pyramid whose slant height is 55 feet, each side of the 


lower base 8 feet, and each side of the upper base 4 fect? 
Ans. 2310 sq. ft. 
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PROBLEM YV. 


To find the solidity of a pyramid. 


RULE. 


Multiply the area of the base by the altitude and divide the pro- 
duct by 3, the quotient will be the solidity (Bk. VI. Th. xvii), 


EXAMPLES. 


1 What is the solidity of a pyramid 
the area of whose base is 215 square 
feet and the altitude SO=45 feet? 


First, 215x45=—9675: 
then, 9675 3=3225 


which is the solidity expressed in solid 
feet. 


2. Required the solidity of a square pyramid, each side of 
its base being 30 and its altitude 25. | Ans. '7500 solid ft. 


3. How many solid yards are there in a triangular pyramid 
whose altitude is 90 feet, and each side of its base 3 yards? 
Ans. 38.97117. 


4. How many solid feet in a triangular pyramid the altitude 
of which is 14 feet 6 inches, and the three sides of its base 5, 
6 and 7 feet? Ans. 71.0352. 


5. What is the solidity of a regular pentagonal pyramid, its 
altitude being 12 feet, and each side of its base 2 feet? 


; Ans. 27.5276 sohd ft. 
2* 
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6 How many solid feet ina regular hexagonal pyramid, 
whose altitude is 6.4 feet, and each side of the base 6 inches? 
Ans. 1.38564. 


7. How many solid feet are contained in a hexagonal pyra- 
mid the height of which is 45 feet, and each side of the base 
10 feet ? Ans. 3897.1143. 


8. The spire of achurch is an octagonal pyramid, each side 
of the base being 5 feet 10 inches, and its perpendicular 
height 45 feet. Within is a cavity, or hollow part, each side 
of the base being 4 feet 11 inches, and its perpendicular 
height 41 feet: how many yards of stone does the spire 
contain ? Ans. 32.197353 


PROBLEM VI. 


To find the solidity of the frustum of a pyramid. 


RULE. 


Add together the areas of the two bases of the frustum and 
a geometrical mean sroportional between them; and then multi- 
ply the sum by the altitude, and take one-third the product for 
the solidity. 


EXAMPLES. 


1. What is the solidity of the frus- 
tum of a pentagonal pyramid the area 
of the lower base being 16 and of the 
upper base 9 square feet, the altitude 
being 7 feet? 
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First, 16x 9=144: then,4/144=12, the mean 
Then, area of lower base =16 


area of upper base = 9 
mean of bases =12 
29% 
height 7 
3) 259 

solidity =86} ay, ft: 


2. What is the number of solid feet in a piece of timber 
whose bases are squares, each side of the lower base being 
15 inches, and each side of the upper base being 6 inches, 
the length being 24 feet? Ans. 19.5. 

3. Required the solidity of a regular pentagonal frustum, 

whose altitude is 5 feet, each side of the lower base 18 
inches, and each side of the upper base 6 inches. 

Ans. 9.31925 solid ft. 

4. What is the contents of a regular hexagonal frustum, 
whose height is 6 feet, the side of the greater end 18 inches, 
and of the less end 12 inches? Ans. 24.681724 cubic ft. 


5. How many cubic feet in a square piece of timber, the 
areas of the two ends being 504 and 372 inches, and its 
length 31; feet? Ans. 95.447. 

6. What is the solidity of a squared piece of timber, its 
length being 18 feet, each side of the greater base 18 inches, 
and each side of the smaller 12 inches? 

Ans. 28.5 cubic ft. 

’”, What is the solidity of the frustum of a regular hexago- 
nal pyramid, the side of the greater end being 3 feet, that of 


the less 2 feet, and the height 12 feet? 
Ans. 197.453776 solid ft 
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PROBLEM I 


To find the surface of a cylinder. 


RULE. 


Multiply the circumference of the base by the altitude, and the 
preduct will be the convex surface ; and to this, add the areas of 
the two bases, when the entire surface is required (Bk. VI. Th. ii). 


EXAMPLES. 


1. What is the entire surface of the 
cylinder in which AB, the diameter of 
the base, is 12 feet, and the altitude EF 
30 feet? 

First, to find the circumference of the 
base, (Prob. X. page 180): we have 
3.1416 x 12=37.6992—circumference of 
the base. 

Then, 37.6992 x 30=1130.9760=convex surface. 


Also, 12°==144: and 144%.7854—113.0976=area of the 
base. 


Thon. convex surface =1130.9760 
lower base 113.0976 
upper base 113.0976 

‘Entire area -=1357.1712 ; 


2. What is the convex surface of a cylinder, the diameter 
of whose base is 20, and the altitude 50 feet? 
Ans 3141.6 sq. ft. 
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3. Required the entire surface of a cylinder, whose altitude 
is 20 feet, and the diameter of the base 2 feet. 
Ans. 131.9472 ft: 


4. What is the convex surface of a cylinder, the diameter 
vf whose base is 30 inches, and altitude 5 feet? 
Ans. 5654.88 sq. in. 


5. Required the convex surface of a cylinder, whose alti- 
tude is 14 feet, and the circumference of the base 8 feet 4 
inches. Ans. 116.6666, &c., sq. ft. 


PROBLEM II. 


To find the solidity of a cylinder. 


RULE. 


Multiply the area of the base by the altitude, and the product 
will be the solidity. 


EXAMPLES. 


1. What is the solidity of a cylinder, 
the diameter of whose base is 40 feet, 
and altitude EF, 25 feet? 


First, to find the area of the base, we 


have (Prob. xv. page 231). 


40°=1600: then, 1600 x.7854=1256.64. 
=area of the base. 
Then, 1256.64 x 25=31416 solid feet, which is the solidity, 


2, What is the solidity of a cylinder, the diameter of whose 


base is 30 feet, and altitude 50 feet? 
Ans 35343 cubie ft. 
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3. What is the solidity of a cylinder whose height is 5 feet, 
and the diameter of the end 2 feet? Ans. 15.708 solid ft. 
4, What is the solidity of a cylinder whose height is 20 
feet, and the circumference of the base 20 feet ? 
Ans. 636.64 cubie ft. 
5. The circumference of the base of a cylinder is 20 feet, 
and the altitude 19.318 feet: what is the solidity ? 
Ans. 614.93 cubie ft. 
6. What is the solidity of a cylinder whose altitude is 12 
feet, and the diameter of its base 15 feet? 
Ans. 2120.58 cubic ft. 
7. Required the solidity of a cylinder whose altitude is 20 
feet, and the circumference of whose base is 5 feet 6 inches? 
; Ans. 48.1459 cubic ft. 
8. What is the solidity of a cylinder, the circumference of 
whose base is 38 feet, and altitude 25 feet ? 
Ans. 2872.838 cubic ft. 
9. What is the solidity of a cylinder, the circumference of 
whose base is 40 feet, and altitude 30 feet? 


10. The diameter of the base of a cylinder is 84 yards, and 
the altitude 21 feet: how many solid or cubic yards does it 
contain ? Ans. 38792.4768. 

; PROBLEM III. 


To find the surface of a cone. 


RULE. 


Multiply the circumference of the base by the slant height, and 
divide the product by 2 ; the quotient will be the convex surface, 
to which add the area of the base, when the entire surface is 
required (Bk. VI. Th. viii), 
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EXAMPLES. 


1. What is the convex surface of the 
cone whose vertex is C, the diameter 
AD, of its base being 81 feet, and the 
side CA, 50 feet. 


First, 3.1416 x 8L=26.7036=circumference of base. 
26.7036 x 50 


= 667.59 —convex surface. 


Then 


. 2. Required the entire surface of a cone whose side is 36 
and the diameter of its base 18 feet. 
Ans. 1272.348 sq. ft. 
3. The diameter of the base is 3 feet, and the slant height 
15 feet: what is the convex surface of the cone? 
Ans. 70.686 sq. ft. 
4. The diameter of the base of a cone is 4,5 feet, and the 
slant height 20 feet: what is the entire surface ? 
Ans. 157.27635 sq. ft. 
5. The circumference of the base of a cone is 10.75, and 


the slant height is 18.25: what is the entire surface? 
Ans. 107.29021 sq. fi. 


PROBLEM IV. 
To find the solidity of a cone. 
RULE. 


Multiply the area of the base by the altitude; and divide the pro- 
duct by 3, the quotient will be the solidity (Bk. VI. Th. xviii). 
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EXAMPLES. 


1. What is the solidity of a cone, the 
area of whose base is 380 square feet, 
and altitude CB, 48 feet? 


Operation. 

We simply multiply the 380 

area of the base by the allti- =aaG 
tude, and then divide the pro- 1520 

duct by 3. 3)18240 

area= 6080 


2. Required the solidity of a cone whose altitude is 27 
feet, and the diameter of the base 10 feet. 
Ans. 706.86 cubic ft. 


3. Required the solidity of a cone whose altitude is 104 
feet, and the circumference of its base 9 feet? 
Ans. 22.5609 cubic ft. 


4. What is the solidity of a cone, the diameter of whose 
base is 18 inches, and altitude 15 feet? 


Ans. 8,83575 cubic ft. 


5. The circumference of the base of a cone is 40 feet, and 
the altitude 50 feet: what is the solidity ? 
Ans, 2122.1333 sold fr. 
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PROBLEM MV. 
To find the surface of the frustum of a cone. 
RULE. 
Add together the circumferences of the two bases; and multi- 
ply the sum by half the slant height of the frustum; the product 
will be the convex surface, to which add the areas of the bases- 


when the entire surface is required (Bk. VI. Th. ix). 


EXAMPLES. 


1. What is the convex surface of the 
frustum of a cone, of which the slant 
height is 12} feet, and the circumfe- 
rences of the bases 8,4 and 6 feet. 


Operation. 

We merely take the sum | 8.4 
of the circumferences of the 6 

14.4 


bases, and multiply by half | 


i i 6.25 
the slant height, or side. | half side 


area=90 sq. ft. 
2. What is the entire surface of the frustum of a cone, the 
side being 16 feet, and the radii of the bases 2 and 3 feet? 
Ans. 292.1688 sq. ft. 
3. What is the convex surface of the frustum of a cone, 
the circumference of the greater base being 30 feet, and of 
the less 10 feet; the slant height being 20 feet? 
: Ans. 400 sq. ft. 
4. Required the entire surface of the frustum of a cone 
whose slant height is 20 feet, and the diameters of the bases 


8 and 4 feet 3 Ans. 439,824 sq. ft. 
2 : 
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PROBLEM VI. 
To find the solidity of the frustum of a cone 
RULE. 
I. Add together the arcas of the two ends and a geometrical 
mean between them. 


Il. Multiply this sum by one-third of the altitude and the 
product will be the solidity. 


EXAMPLES. 


1. How many cubic feet in the frus- 
tum of a cone whose altitude is 26 feet, 
and the diameters of the bases 22 and 
18 feet? 

First, 22° .7854—380.134=area of 
lower base : 


and 18°x.7854—=254.47=area of upper base. 


Then, 7/380.134 x 254.47=311.018—mean. 


Then, (380.134+254,47+311.018) x mo -=8195.39 which 
0 


is the solidity. 


2. How many cubic feet in a piece of round timber the di- 
ameter of the greater end being 18 inches, and that of the less 
9 inches, and the length 14.25 feet? Ans. 14.68943, 


3. What is the solidity of a frustum, the altitude being 18. 
the diameter of the lower base 8, and of the upper 4? 
Ans. 527.7888. 
4. Ifa cask, which is composed of two equal conic frus- 


tums joined together at their larger bases, have its bung di- 
ameter 28 inches, the head diameter 20 inches, and the length 
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40 inches, how many gallons of wine will it contain, there 
being 231 cubic inches in a gallon? Ans. 79.0613. 
PROBLEM VII. 
To find the surface of a sphere. 
RULE. 


Multiply the circumference of a great circle by the diameter, and 
the product will be the surface (Bk. VI. Th. xxiii). 


EXAMPLES. 


1. What is the surface of the sphere 
whose centre is C, the diameter being 
7 feet? 

Ans. 153.9384 sq. ft. 


2. What is the surface of a sphere whose diameter is 24? 
Ans. 1809.5616. 


3. Required the surface of a sphere whose diameter is 


7921 miles. Ans. 197111024 sq. miles. 
4, What is the surface of a sphere the circumference of 

whose great circle is 78.54? Ans. 1963.5. 
5, What is the surface of a sphere whose diameter is 13 

feet? Ans. 5.58506 sq. ft. 


PROBLEM VIII. 


To find the convex surface of a spherical zone. 


RULE. 
Multiply the height of the zone by the circumference of a great 
circle of the sphere, and the product will be the conven surface 
(Bk. VI. Th. xxiv). 
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EXAMPLES. 


1. What is the convex surface of 
the zone ABD, the height BE being 
9 inches, and the diameter of the 
sphere 42 inches ? 


First, 42 x 3.1416=131.9472 =circumference. 
height = 9 
surface = 1187.5248 square inches. 
2. The diameter of a sphere is 12} feet: what will be 
the surface of a zone whose altitude is 2 feet? 


Ans. 78.54 sq. ft. 


3. The diameter of a sphere is 21 inches: what is the sur- 
face of a zone whose height is 43 inches ? 
Ans. 296.8812 sq. in. 
4. The diameter of a sphere is 25 feet and the height of 
the zone 4 feet: what is the surface of the zone? 
Ans. 314.16 sq. ft. 
5. The diameter of a sphere is 9, and the height of a zone 
3 feet: what is the surface of the zone? 
Ans. 84.8232. 


PROBLEM IX. 
To find the solidity of a sphere. 


RULE f. 


Multiply the surface by one-third of the radius and the product 
will be the solidity (Bk. VI. Th. xxv): 
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EXAMPLES, 
1. What is the solidity of a sphere 
whose diameter is 12 feet? 
First, 3.1416 x 12=37.6992= 
circumference of sphere. 


diameter = 12 
surface — 452.3904 
one-third radius = 2 
Solidity = 904.7808 cubic feet. 


2. The diameter of a sphere is 7957.8: what is its solidity? 
Ans. 263863122758.4778. 


3. The diameter of a sphere is 24 yards: what is its solid 
contents ? Ans. 7238.2464 cubic yds. 


4, The diameter of a sphere is 8: what is its solidity? 
Ans. 268.0832. 


5. The diameter of a sphere is 16: what is its solidity ? 
Ans. 2144.6656. 


RULE Il. 


Cube the diameter and multiply the number thus found, by the 
decimal .5236, and the product will be the solidity. 


EXAMPLES. 


1. What is the solidity of a sphere whose diameter is 20? 
Ans. 4188.8. 


2. What is the solidity of a sphere whose diameter is 6? 
Ans. 113.0976, 


3. What is the solidity of a sphere whvse diameter is 101 


99% Ans 523.6 
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PROBLEM X. 


To find the solidity of a spherical segment with one base. 


RULE. 
I. To three times the square of the radius of the base, add the 
square of the height. 


Il. Multiply this sum by the height, and the product by the 
decimal .5236, the result will be the solidity of the segment. 


EXAMPLES. 

1. What is the solidity of the seg- 
ment ABD, the height BE being 4 
feet, and the diameter AD of the 
base being 14 feet? 


First, 


7 x34+4=147+16=163: 
Then, 163 x4 x .5236=341.3872 solid feet, which is the 


solidity of the segment. 


2. What is the solidity of the segment of a sphere whose 
height is 4, and the radius of its base 82 Ans. 435.6352. 


3. What is the solidity of a spherical segment, the diam- 
eter of its base being 17.23368, and its height 4.5? 

Ans. 572.5566. 

4. What is the solidity of a spherical segment, the diam- 

eter of the sphere being 8, and the height of the segment 2 
feet 2 Ans. 41.888 cubic ft. 

5. What is the solidity of a segment, when the diameter 
of the sphere is 20, and the altitude of the segment 9 feet? 
Ans. 1781.2872 cubic ft 
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OF THE SPHEROID. 


A spheroid is a solid described by the revolution of an 
ellipse about either of its axes. 


If an ellipse ACBD, be re- —_— = 
volved ee the transverse or LZ === 
‘onger axis AB, the solid de- 4 —— 
scribed is called a prolate . 
spheroid : and if it be revolved 
about the shorter axis CD, the solid described is called an 


oblate spheroid. 
The earth is an oblate spheroid, the axis about which it 
revolves being about 34 miles shorter than the diameter per- 


pendicular to it. 
PROBLEM XI. 


To find the solidity of an ellipsoid 


RULE. 

Multiply the fixed axis by the square of the revolving azts, 
and the product by the decimal .5236, the result will be the re 
quired solidity. ' 

EXAMPLES. 

1. In the prolate spheroid 
ACBD, the transverse axis 
AB=-90, and the revolving 
axis CD=70 feet: what is 
the solidity ? 

Here, AB=90 feet: CD°=70°=4900: hence 
ABX CD? x .5236 = 90 x 4900 x .5236 =230907.6 cubic feet, 
which is the solidity. 
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2. What is the solidity of a~prolate spheriud, whose fixed 
axisis 100, and revolving axis 6 feet ? Ans. 1884.96. 


3. What is the solidity of an oblate spheroid, whose fixed 
axis is 60, and revolving axis 100? Ans. 314160. 

4. What is the solidity of a prolate spheroid, whose axes 
are 40 and 50? Ans. 41888. 

5. What is the solidity of an oblate spheroid, whose axes 
are 20 and 102 Ans. 2094.4. 

6. What is the solidity of a prolate spheroid, whose axes 
are 55 and 33? Ans. 31361.022. 

7. What is the solidity of an oblate spheroid, whose axes 
are 85 and 75? Ans. 


OF CYLINDRICAL RINGS, 


A cylindrical ring is formed by 
bending a cylinder until the two 
ends meet each other. Thus, if a 
cylinder be bent round until the axis 
takes the position mon, a solid will 
be formed, which is called a cylin- 
drical ring. 

The line AB is called the outer, and cd the inner diameter, 


PROBLEM XII. 


To find the convex surface of a cylindrical ring. 


RULE. 
I. To the thickness of the ring add the inner diameter. 


Il. Multiply this sum by the thickness, and the product by 
9.8696, the result will be the area. 
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EXAMPLES. 

1. The thickness Ac, of a cylindri- 

cal ring is 3 inches, and the inner 

diameter cd, is 12 inches: what is 
the convex surface ? 

.Ac+cd=3 +12=15: 
15 x3 X 9.8696=444.132 square 
inches=the surface. 


2. ‘The thickness of a cxlindrical ring is 4 inches, and the 
inner diameter 18 inches: what is the convex surface? 
Ans. 868.52 sq. in. 


3. The thickness of a cylindrical ring is 2 inches, and the 
inner diameter 18 inches: what is the convex surface? 
Ans. 394.784 sq. in. 
PROBLEM XIII. 


To find the solidity of a cylindrical ring. 


RULE. 

1 To the thickness of a ring add the inner diameter 

Il. Multiply this sum by the square of half the thickness, and 
the product by 9.8696, the result will be the required solidity. 

EXAMPLES. 

1, What is the solidity of an anchor ring, whose inner di- 
ameter is 8 inches, and thickness in metal 3 inches? 
84+3=11: then, 11x(3)x9.8696=244.2726. which ex- 
presses the solidity in cubic inches. 


2. The inner diameter of a cylindrical ring is 18-inches, 


and the thickness 4 inches: what is the solidity of the ring ! 
; Ans. 868.5248 cubre inches 
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3. Required the solidity of a cylindrical ring whose thick- 
ness is 2 inches, and inner diameter 12 inches ? 


Ans. 138.1744 cubic in 


4. What is the solidity of a cylindrical ring, whose thick- 
ness is 4 inches, and inner diameter 16 inches? 
Ans. 789.568 cubic in. 


5. What is the solidity of a cylindrical ring, whose thick- 
ness is 8 inches, and inner diameter 20 inches ? 
Ans. 


6. What is the solidity of a cylindrical ring whose thick. 
ness is 5 inches, ard inner diameter 18 inches? 
Ans, —— 
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467 | _ 9317] 9410] 9503} 9596) 9689| 9782 on 9967} ®®60} 153} 93 
468 | 570246) 0339] 0431] 0524] 0617) 0710] 0802] 0895} 0988] 1080}. 93 
469 1173] 1265} 1358} 1451] 1543) 1636] 1728] 1821] 1913} 2005} 93 
470 | 672098) 2190] 2283) 2375] 2467} 2560] 2652] 2744] 2836] 2 29} 92 
471 3021} 3113] 3205 3295 3390} 3482] 3574} 3666) 3758 3850 
472 3942} 4034] 4126] 4218} 4310) 4402] 4494] 4586] 4677] 4769] 92 
473 4d61 ans 5045] 5137}. 5228] 5320) 5412| 5503} 5595} 5687] 92 
5870] 5962} 6053] 6145} 6236] 6328] 6419} 6511] 6602] 92 

475 6094] 6785) 6876] 6968) 7059} .7151| 7242] 7333! 7424] 7516] 9 


476 607] 7698} 7789] 7881] 7972| 8063) 8154] 8245) 8336] 8427] 91 
477 S18 S689 8700) 8791] 8882 8978 9064 9159 9246 el gI 
478 9428| 9519] 9610] 9700} 9791) 9882 


3} ©°63) 154) @245 I 
479. | bBO936) pastlbb1 71: e607! obs8) 64801 begh toa xal gaeel eee ly ct 
480 | 681241} 1339} 1422] 1513] 1603] 1693] 1784 1874] 1964] 2055] 90 
481 2149) 2235] 2326] 2416] 2506]. 2596) 2686] 2777] 2867] 2957] 90 
482 3047} 3137] 3227] 3317 3407| 3497} 3587] 3677} 3767 383 
483 3947} 4037] 4127} 4217] 4307] 4396] 4486| 4576] 4666} 4756] go 
484 | 4849) 4935] 5025] 5114| 5204| 5294] 5383] 5473| 5563] 5652| 90 
485 5742] 5831] 5021] 6010) 6100 6189 6279} 6368] 6458) 6547 9 
486 6636) 6726} 6815] 6904] 6 94 7083} 7172) 7261} 7351| 7440] 89 
48 529] 7618] 770 779° 886 4972 064} 8153} 8242} 8331] 89 
48 420] 850 308 687 ba6 B35 8953} 9042] 9131] 9220] 89 
489 | _ 9309 9308 9486} 9575} 9664} 9753 9841 9930; ®*19] ®107) 89 
es 0373] 0462] 0550] 0639] 0728) 0816] ogo 
491 1081) 1170] 1258} 1347] 1435] 1524] 1612] 1700] 1789 on 8 
492 1965) 2053) 2142] 2230] 2318] 2406] 2494| 2583] 2671 2759} 88 
493 2847) 2935}. 3023| 3111] 3199} 3287] 3375| 3463] 3551| 3639] 88 
494 3727| 3815} 3903] 3991] 4078} 4166| 4254] 4342| 4430 4517| 88 
495 4005] 4693] 4781] 4868] 4956] 5044] 5131 5219] 5307| 5394} 88 
496 5482) 5569] 5657| 5744 5832] 5919] 6007| 6094] 6182 6269] 87 
497 6356) 6444] 6531] 6618] 6706] 6793! 6880] 6968] 7055 7142| 87 
498 | 7229) 7317] 7404] 7491] 7578) 7665] 7752] 7839| 7926] 8o14| 87 
499 8ro1| 8188] 8275] 8362 bo 535) 8622] 8709] 8796] 8883] 87 
500 ae 9057} 9144} 9231} 9317] 9404! g4o1 sone 
38} 9924] @°11| ©%98) ©184 eo71 2328 
502 | 700704} 0790| 0877 ages ro 1136) 1222] 1309] 1396] 1482] - 86 
94} 1741} 1827| 1913} I 2086] 2172] 2258 86 
504 2431) 2517] 2603 2689 a5 2 4 2947 3033 3119 3c 86 
505 3291] 3377] 3463] 3549| 3635] 3721 3807] 3893} 3979] 4065] 86 
506 4191) 4236) 4322] 4408] 4494} 4579] 4665 4791} 4837) 4922] 86 
50 5008| 5094] 5179) 5265) 5350) 5436] 5599 5607} 5693}. 5778] 86 
50 5864) 5949) 6035) 6120] 6206) 6291| 6376| 6462 6547| 6632) 85 
50g | 6718) 6803/6888] 6974] 7059] 7144] 7229/7315] 7400| 7485} 85 
510 behi 7655) 7749] 7826) Fort 499° dos, 8166| 8251] 8336] 85 
421} 8506] 8591} 8676] 8761 846 8931} 9015} g100} 9185} 85 
512 9279} 9355| 9440) 9524) 9609) 9694) 9779) 9863) 9948} 833} 85 
513 |. 710117} 0202} 0287) 0371] 0456| 0540! 062 0710} 0794) 0879} 85 
. 514 0963} 1048] 1132} 1217] 1301] 1385! 1470| 1554] 1639 1738 
ON 1807] 1892 iielaee 2144) 2229) 2313] 2397) 2481] 2566] 84 
51 3491] 3575] 3659! 3742 
51 4330) 4414) 4497/ 4981 
519 5167} 5251] 5335) 5418 


: OF LOGARITHMS FROM 1 to 10,000. 


A TALE 
pie bert isr [aos joe-leo 16 7 
520°; 716003 6087 6170 6254 6337 6421! 6504, 6588) 
521 6838 6921 7004) 7088 7171 7254! 7338) 7421 
522 JOTI 7794 7837 792c- 8003 8086) 8169) 8253| 
523 8502 $089 6668, 8751 8834 8917)-9000! 9083 
224) ~9331 9414 G4g1i 9980 9663 9745! 9828, ggtt 
523 720199 0242 0329 0407 0490 0973} 0655} 0738} 
429 0956 1068) 1151) 1233 1316 1398} 1481) 1563 
527 1811) 1893} 1975) 2058 2140| 2222] 2305) 2387 
928 2634) 2716] 2798) 2881| 2963) 3045) 3127] 3209 
529 3456} 3538] 3620] 3702| 3784] 3866) 3948] 4030 
S30 | 724276) 4358} 4440} 4522) 4604| 4685] 4767) 4849 
531 5095} 5176) 5258) 5340} 5429! 5503] 5585} 5657 
532 5912} 5993} 6075} 6156) 6238) 6320] 6401] 6483 
533 6727| 6809} 6890! 6972) 7053) 7134) 7216] 7297 
534 7941} 7623} 7704) 7785! 7866| 7948] 8029] ‘8110 
535 8354) 8435] 8516) 8597 4678 8759] 8841} 8922 
536 9165} 9246) 9327} 9408) 9489! 9570] 9651] 9732 
53 9974| ©255| ©1360) ©217 2298 ©378] ©459} ©540 
538 | 730782] 0863} 0944} 1024! 1105 1196 1266) 1347 
939 1989} 1669! 1750] 1830] 1911] 1991] 2072] 2152 
940 | 732394} 2474) 2559) 2635} 2715) 2796) 2876] 2956 
341 3197| 3278} 3358) 3438) 3518) 3598] 3679} 3759 
542 3999] 4079}. 4169) 4240; 4320) 4400] 4480} 4560 
543 4800] 4880) 4962) 5040) 5120} 5200] 5279] 5359 
544 5599} 5679} 5759] 5838) 5918} 5998 6008 6157 
545 6397} 6476} 6556, 6635) 6715) 6795] 6874) 6954 
545 7193} 7272| 7352 tea OIL 329° 7670 7149 
547 |  7987| 8067] 8146] 8225) 8305] 8384] 8463] 854 
548 8781} 8860] 8939} 9018) 9097) 9177] 9256} 9335 
549 | 9972| 9651} 9731| 9810 9009 9968] #e47| #126 
550 | 740363} 0442| 0521] 0600} 0678) 0757] 0836] 0915 
551 1152] 1230] 1309} 1388} 1467; 1546| 1624] 1703 
552 1939] 2018} 2096) 2175] 2254) 2332] 2411] 248 
553 2729) 2804) 2882} 2961| 3039] 3118] 3196) 327 
594 3510} 3588} 3667} 3745| 3823) 3902] 3980) 4058 
595 4293| 4371| 4449) 4528} 4606) 4684} 4762} 4840 
556] 5075] 5153] 5231} 5309] 5387] 5465] 5543) 5621 
557 5855} 5933| 6011] 6089! 6167} 6245) 6323} 6401 
593 6634} 6712] 6790} 6863) 6945) 7023} 7101 7179 
559 7412) 7489| 7567| 7645} 7722! 7800; 7878] 795 
560 | 748188} 8266! 8343] 8421} 8498] 8576} 8653) 8731 
561 8963] go40| 9118! 9195} 9272] 9350] 9427} 9504 
562 9736) 9814] 9891} 9968} 8945) 123) 200] 277 
563 | 750508] 0586] 0663) 0740} 0817} 0894) 0971} 1048 
564 1279] 1356] 1433| 1510} 1587] 1664} 1741] 1818 
565 2048] 2125] 2202} 2279] 2356} 2433] 2509] 2586 
566 2816} 2893] 2979] 3047} 3123} 3200] 3277] 3353 
56 3583} 3660] 3734} 3813) 3889] 3966] 4042 Jing 
56: 4348} 4425] 4501} 4578} 4654] 4730} 4807] 488 
569 5112) 5189} 5265] 5341) 5417 P4g4 5570| 5646 
57e | 755875) 5951] 6027) 6103) 6180] 6256] 6332} 6408 
571} 6636} 6712 oe 6864| 6940} 7016} 7o92| 7168 
572 7396| 7472] 7948) 7624) 7700 qe 7851! 7927 
573 8195| 8230] 8306} 8382} 8458] 8533} 8609} 8685 
574 8912) 8988; 9063| 9139] 9214} 9290] 9366) 9441 
575 1668] 9743| 9819] 9894} 9970} ©945| @r2t| *196 
570 | 763422) 0498] 0573) 0649] 0724 °799 0875} 6950 
27] 1176 ie 1326) 1402] 1477] 1992! 1627 1702 
1 1928] 2003) 2078} 2153] 2228) 2303) 2378) 2453 
579 2679| 2754, 2829) 2904! 2978 3053 | 3128) 3203 
z 3 2 4 5 


N. | 0 I 


5) 9414) 9493 


ee nae all 


“6671! 6734) 8 


7904! 7987 
8336 8419 
9165; 9248 
9994; °°77; 
0821} 9903} 
1646| 1728 
2469) 2552 
3291| 3374 
4112) 4194 
4931| 5013 
5748, 5830 
6564} 6646 
7379| 7460 
8191) 8273 
9003) 9084 
9813] 9893 
®621) 702 
1428] 1508 
2233] 2313 
3037) 3117 
3839] 3919 
4640| 4720 
5439} 5519 
6237} 6317 
7034) 7113 
71829] 7908 
8622] S7or 


©205| ©284 
0994} 1073 
ree 1860! 
2568| 2647] 
3353} 3431 
4136] 4215 
4919} 4997 
5699} 5777 
6479, 6556 
7256] 7334 
8033] 8110 
8808] 8885 
9582; 9659 
€354) 9431 
1125} 1202 


td A TABLE OF LOGARITHMS FROM 1 to 10,000. 
[N. ° I 2 3 | 4 | 5 6 ee lero 9 | D. 
;-580 | 763428: 3503) 3578] 3653| 3727| 3802| 3847) 3952] 4027| 4101) 78 
581 4176, 4251) 4326] 4400) 4475) 4550) 4624 4699) 4774) 4848 3 
582 4923| 4998) 5072] 5147| $221| 5296) 5370! 5445| 5920) 5594 
583 5669} 5743] 5818) 5892) 5966) 6041) 6115) pigs 6264) 6338 
584 6413| 6487} 6562] 6636) 6710] 6785} 6859) 6933, 7007} 7082 
585 7156] 7230] 7304) 7379} 7453; 7527} 7601} 7675| 7749] 7823 
586 7898] 7972] 8046] 8120) 8194) 8268) 8342) 8416, 8490] 8564 
587 8638} 8712) 8786} 8860; 8934} 9008} g082| 9156 9230; 9303 
| 588 9377) 9451) 9525] 9599) 9673) 9746] 9820 9894) 9968) °°42 
| 589 | 770115! 0189] 0263) 0336; 0410] 0484) 0557| 0631] 0705} 0778 
| 590 | 770852) 0926] 0999] 1073) 1146) 1220, 1293! 1367, 1440! 1914 
| 591 1587| 1661] 1734] 1808) 1881] 1955} 2028] 2102) 2175] 2248)- 
| 592 2322) 2395) 2468} 2542! 2615) 2688] 2762) 2835; 2908) 2981 
| 593 3055} 3128} 3201] 3274) 3348) 3421 3494 3567. 3640} 3713 
| 594 | 3786) 3860; 3933) 4006) 4079) 4152] 4225) 4298; 4371) 4444 
1 595 4917} 4590] 4663] 4736) 4809] 4882] 4955) 5028 4100) 5173 
| 596! 5246] 5319] 5392| 5465) 5538 5610! 5683} 5756) 5829) 5902 
| 597 5974} 6047} 6120} 6193) 6265) 6338) 6411] 6483, 6556) 6629 
! 5q8 | 6701) 6774} 6846} 6919} 6992) 7064| 7137| 7209) 7282) 7354 
| 599 | 7427) 7499} 7572] 7644) 7717] 7789, 7862] 7934) 8006) 8079 
600 | 778151} 8224] 8296] 8368) 8441] 8513) 8585} 8658) 8730) 8802 
; 601 8874) 8947} 9019} 9091] 9163} 9236] 9308] 9380] 9452) 9524 
602 9596] 9669} 9741| 9813} 9885} 9957] ©®29] P101| ®173} ©245 
| 603 | 780317) 0389} 0461} 0533) 0605) 0677) 0749} 0821] 0893} 0965 
604 1037} 110g) 1181] 1253; 1324) 1396} 1468] 1540) 1612} 1684 
605 1755} 1827| 1899] 1971] 2042! 2114| 2186] 2258} 2329] 2401 
606 | 2473} 2544) 2616) 2688] 2759! 2831] 2902 2974, $046) 3117 
607 3189] 3260] 3332) 3403} 3475) 3546} 3618) 368 3761} 3832 
608 3904) 3975} 4046] 4118] 4189} 4261} 4332} 4403) 4475) 4546 
609 4617} 4689} 4760) 4831} 4902) 4974] 5045) 5116; 5187} 5259 
610 | 785330] 5401) 5472) 5543) 5615) 5686) 5757| 5828! 5899) 5970 
611 6041) 6112) 6183} 6254) 6325] 6396! 6467] 6538) 6609! 6680 
; 612 | ®6751} 6822) 6893] 6964} 7035) 7106 7177| 7248] 7319] 7390 
| 613 7460} 7531) 7602| 7673) 7744) 7815) 7885] 7956} 8027| 8098 
614 8168] 8239) 8310} 8381] 8451] 8522] 8593] 8663} 8734] 8804 
615 8375} 8946] go16} 9087} 9157] 9228] 9299! 9369} 9440] 9510 
616 9581} 9651] 9722} 9792) 9863} 9933} eee4| 074) @144) @915 
| 617 | 790285) 0356} 0426) 0496) 0567] 0637] 0707! 0778] 0848) 0918 
61 0988} 1059} 1129] 1199} 269] 1340! 1410] 1480] 1550] 1620 
619 1691| 1761] 1831] 1901} 1971] 2041! 2111] 2181] 2252] 2329 
620 | 792392] 2462] 2532} 2602) 2672] 2742! 2812] 2882! 2952] 3022 
621 3og2|) 3162) 3231} 3301] 3371} 3441] 3511] 3581] 3651) 3791 
622 3799} 3860} 3930} 4000) 4070] 4139) 4209] 4279 439 4418 
623 4488) 4558) 4627| 4697) 4767) 4836 4906! 4976) 5045) 5115 
624 5185} 5254} 5324) 5393} 5463] 5532) 5602 as 5741| 5811 
625 5880} 5949} 6019} 6088} 6158} 6227! 6297| 6366] 6436] 6505 
626 6574| 6644| 6713] 6782) 6852] 6921] 6990] 7060) 7129] 7198 
62 7268} 7337| 7406 gts 7545| 7614) 7683] 7752) 7821| 7890 
62 7960) 8029} 8098} 8167] 8236} 8305 B74 8443) 8513] 8582 
629 8651) 8720) 8789} 8858) 8927) 8996] 906] 9134) 9203] 9272 
630 | 799341 9409 9478} 9547] 9616] 9685) 9754} 9823) 9892] 9961 
631 | 890029 ng 0167] 0236} 0305] 0373] 0442] 0511} 0580} 0648) - 
632 0717 0786) 0854} 0923) og92 out 1129} 1198} 1266] 1335 
633 1404 1472) 1541] 1609) 1678) 1747| 1815| 1884! 1952] 2021 
634 | 2089 2158] 2226) 2295' 2363! 2432) 2500] 2568) 2637| 2705 
635 2774 2842) 2910) 2979' 3047) 3116, 3184) 3252, 3321] 3389 
; 636 | © 3457. 3525) 3594| 3662] 3730) 3798) 3867] 3935] 4003) 4071 
637 | 413g 4208] 4276} 4344) 4412) 4480]. 4548] 4516! 4685 4753 
63 4821, 4885] 4957| 5025) 5093, 5161) 5229, 5297! 5365) 5433 
639 3501) 5569} 5637 9705) 5773: 5841 5908 5976, 6044) 6112 
Nice a eee eters. 


N. | 
640 | 
641 
642 
643 
644 
645 
646 
64 
643 
649 
650 
651 
652 
653 
654 


A TABLE OF LOGARITHMS FROM 1 


To 10,000. 1] 


re) 


at | 


al 


3 


SENS | 6 


1 


8 


9 10) 


806180 
6858 
7535 
8211: 
8836 
9560 

810233 
0g04 
1979} 
2245 

812913} 
3581) 
4248 
4913 
5578 
o2aa 

04 
265 
226) 

8885 

819944 

820201 
ey 
1514 
2168 
2822 
3474 
4126 
4776 
5426 

826075 
6723 

736 
Ol 
8660 
9304 

47 

830589 
1230 
1870 

832509 
3147 
3784 
4421 
5056 
5691 
6324 
695 

388 

838840 

3 


947 
840106 


1642 


6248! 
6926 
7603 
8279 
8953 
9627 
0300 
cg7! 


2312 
2980 
3648 
4314 
4980 
5644 
6308 
6970 
7631 
8292 
Bot 
g610 
0267 
0924 
1579 
2233 
2887 
3539 
4Igt 
ne 
5491 
ce 
6787 
7434 
8080 
8724 
9368 
eer! 
0653 
1294 
1934 
3 
3211 
3848 
4484 
5120 
5754 
6387 
7020 

652 

282 
8912 
goat 
0169 
0796 
1422 


| 20471 2 


2672 
3295 
3918 
4939 


I 


6316) 
6994 
reas 
346! 
9021, 
9694! 
0367) 
1039 
1709 
23 
3547 
3714 
4381 
5046 


4601 
2 


' 


6384 
Joo1 
1738 
8414 
9088 
9762 
0434 
1106 
1776 
2445 
311g 
3781 
4447 
9113 
517] 
6440 
7102 
77164 
8424 
9083 
9741 
0399 


| 1095 


I7!lo 
2364 
3018 
3670 
4321 
4971 
Boat 
62 

6917 
7563 
8209 
8853 
9497 
®139 
0781 
1422 
2062 
2700 
3338 
3975 
4611 
5247 
5881 
6514 
7146 
71778 
8408 
9038 
9667 
0294 


3, 3844 


2172 
2796 
3420 
4O42 
4664 


3 


6451 
712 
5806 
8481 
9156 
9829) 
0501 
1173 
1843 
2512 
318 
3848 
4514 
ie | 
5843 
6506 
716 
7830 
8490 
9149 
9807 
0464 
1120 
1775 
2430 
3083 
3735 
4386 
5036 
5686 
6334 
6981 
7628 
8273 
ae 
9961 
°204 
0845 
1486 
2126 
2764 
3402 
403 
467 
5310 
5944 
6977 
7210 
7841 
8471 
gio 
9729 
“0357 
0984 
oie 
ee 
285 
3489 
4104 


4726 


4 


6519 
1197 
7873 
8549 
9223 
9896 
0569 
1240 
1910 
25 

3248 
3914 
4981 


6587 
7264 
71941 
8616 
9290 
9964 
0636 
1307 
1977 
2646 
3314 
3981 
4647 
=e 

76 
6649 


5) 7301 


7962 
§e02 
9281 
9939 
0595 
1251 
1906 
2560 
3213 
3865 
4516 
5166 
5815 
6464 
FAI 
1197 
8402 

046 
eee 
©332 
0973 
1614 
2253 
2892 
3530 
4166 
4802 
5437 
6071 
6704 
7336 
7967 
8597 

227 
3855 
0482 


~ 110 


1739 
2360 
2983 
3606 
4229 
4850 


6655 
7332 
8008 
8684! 
9358} 
603, 
0703 
1374 
2044 
2713 
3381 
4048 
4714 
5378 
6042 
6705 
be 
802 
8683 
9346 
coe, 
0661 
1317 
1972 
2626 
3279 


3930 
4881 
5231 
5880 
6528 
7179 
7821 
8467 
gill 
9794 
©396 
1037 
1678 
2317 
2956 
3593 
4230 
4866 
5500 
6134 
6767 
739 

bo30 
8660 

28 

iG 
0545 
1172 
1797 
2422 
3046} 
3669 
4291 
4912 


a) 


6723 
7400 
8076 
8751 
9425 
2008 
0770 
1441 
2111 
2780 
3448 
4lI4 
4780 
5445 
610 

baat 
hoe 

‘0 


8794 


9412 
e070 
0727 
1382 
2037 
2691 
3344 
3996 
4646 
5296 
5945 
6893 
7240 
7886 
8531 
9175 
9818 
©460 
1102 
1742 
2381 
3020 
3657 
4294 
492 
5864 
6197 
6830 
7462 
8093 
8723 
2 
981 

3608 
1234 
1860 
2484 
3108 
3731 
4353) 
4974 


8 


6790| 68 
7467| 68 
8143! 68 | 
8818] 67 
9492| 67 
165) 67 
0837| 67 
1508} 67 
2178] 67 
2847| 67 
3514, 67 
a 67 
4847| 67 
re 66 
6175). 66 
6838| 66 
7499| 66 
Oba 66 
8820] 66 
9478] 66 
°136| 66 
0792| 66 
1448] 66 
2103) 65 
2756} 65 
3409] 65 
4061} 65 
4711} 65 
5361} 65 
6o10| 65 
6658} 65 
7305) 65 
7951} 65 
8595 es 

23 4 
3882 64 
©525| 64 
1166] 64 
1806] 64 
2445} 64 
3083| 64 
3721| 64 
4357 2 
4993) 64 
ee 63 
6261| 63 
6894] 63 

525} 63 

156] 63 
8786} 63 
9415] 63 
0043! 63 
0671} 63 
1297| 63 
1922} 63 
2947| 62 
oye 
7 2 
4A 62 
5036) 62 


2 A TABLE OF LOGARITHMS FROM 1 to 10,000. 

N. Co) I 2 3 4 5 6 7 8 9 D. 
700 | 845098) 5160) 5222] 5284) 5346! 5408; 5470| 5532) 5594 5656 62 
701 5718) 5780) 5842] 5904) 5966| 6028] 6090) 6151] 6213) 6275) 62 
02 6337| 6399} 6461} 6523| 6585] 6646) 6708) 6770| 6832] 6894} 62 
703 6955| 7017] 7079] 7141| 7202} 7264) 7326) 7388] 7449] 7511] 62 
704 7973} 7634| 7696) 7758) 7819} 7881| 7943] 8004} 8066) 8128} 62 
705 8189] 8251] 8312] 8374) 8435] 8497| 8559] 8620] 8682] 8743} 62 
706 8805} 8866) a 8989} 9051} 9112] 9174] 9235} 9297} 9358} 61 
707 9419} 9481] 9942] 9604) 9665) 9726) 9788) 9849] 9911 9972 61 
708 | 850033] 0095) 0156] 0217} 0279] 0340) 0401] 0462) 0924) 0585) 61 
709 0646] 0707| 0769) 0830} 0891] 0952] 1014] 1075] 1136] 1197] 61 
qio | 851258] 1320] 1381] 1442] 1503 1364 1625} 1686] 1747] 1809] 61 
qi 1870) 1931] 1992] 2053] 2114) 2175! 2236] 2297) 2358] 2419) 61 
712 2480] 2541] 2602) 2663| 2724] 2785| 2846] 2907] 2968) 3029] 61 
7113 3090) 3150} 3211] 3272) 3333} 3394] 3455] 3516] 3577] 3637| 64 
114 3698} 3759] 3820] 3881] 3941] 4002} 4063] 4124) 4185] 4245] 61 
715 4306} 4367] 4428] 4488) 4549] 4610) 4670) 4731| 4792] 4852| 61 
716 | 4913} 4974) 5034) 5095) 5156] 5216| 5277| 5337| 5398] 5459] 6t 
717 5919} 5580] 5640] 5701) 5761} 5822) 5882 5943| 6003) 6064} 61 
718 6124) 6185} 6245] 6306) 6366] 6427] 6487| 6548] 6608] 6665} 60 
7119 6729] 6789] 6850 Sole 6970} 7031) 7091) 7152] 7212| 7272] 60 
720 | 857332) 7393) 7453) 7513] 7574] 7634} 7694| 7755| 7815] 7875| 60 
721 7935| 7995) 8056] 8116) 8176] 8236] 8297| 8357] 8417] 8477] 60 
722 8537] 8597| 8657| 8718) 8778] 8838] 8898} 8958] 9018] 9078} 60 
723 9138} 9198} 9258} 9318) 9379} 9439) 9499] 9559 ne 9679] 60 
724 9739] 9799] 9859] 9918 sore 0038) ©9093} €158} ®21 $048 60 
725 | 860333) 0398) 0458] 0518] 0578] 0637) 0697| 0757) 0817 0877| 60 
726 0937| 0996] 1056] 1116] 1176] 1236] 1299] 1355] 1415] 1475] 60 
727 1934] 1594} 1654} 1714] 1773] 1883 ee 1952] 2012] 2072] 60 
728 2131) 2191| 2251] 2310] 2370] 2430 9 2549) 2608] 2668] 60 
729 | _ 2728) 2787] 2847] 2906] 2966] 3025] 3085]°3144] 3204 3263) 60 
730 | 863323] 3382] 3442] 3501] 3561] 3620] 3680 3739] 3799] 3858] 5g 
731 3917 $977 4036} 4096] 4155) 4214) 4274] 4333] 4392] 4452 59 
732 4911} 4570) 4630) 4689] 4748] 4808] 4867] 4926] 4985] 5045] 59 
733 5104) 5163) 5222| 5282] 5341) 5400] 5459) 5519 5378 5637| 59 
734 296 5755] 5814/ 5874) 5933} 5g92| 6051} 6110] 6169] 6228] 59 
735 6287| 6346] 6405] 6465) 6524 6383 6642) 6701) 6760] 6819] 59 
736 6878} 6937 “ee 7055) 7114] 7173} 7232) 7291] 7350] 740 59 
737 7467] 7526] 7585) 7644) 7703] 7762) 7821 7880] 7939] 7998} 59 
738 8056} 8115] 8174) 8233 8292] 8350} 8409] 8468] 8527| 8586 59 
739 8644| 8703] 8762) 8821| 8879] 8938 8997} 9056] 9114! 9173] 59 
740 | 869232! 9290) 9349) 9408, 9466] 9525, 9584 9642} 9701] 9760] 59 
JAI 9818) 9877] 9935) 9994 853] @111, 170; ©228| €287| 0345 

742 | 870404) 0462] 0521} 0579) 0638] 0696 0795) 0813) 0872] 0930] 58 
7143 0989| 1047] 1106} 1164) 1223] 1281) 1339] 1398] 1456] 1515| 58 
744 1973) 1631) 1690} 1748) 1806] 1865! 192 1981] 2040} 2098] 58 
749 2196}.9215] 2273) 2331} 2389] 2448) 2506] 2564] 2629 2681 58 
146 2739| 2797| 2805! 2913) 2972] 3030| 3088] 3146] 3204] 32621 58 
14 3321} 3379 3437] 3495) 3553] 3611) 3669) 2727] 3785] 3844] 58 
74 3902) 3960! 4018) 4076 4134 4192) 4250] 4308] 4366] 4424) 58 
749 4482) 4540| 4598, 4656) 4714] 4772| 4830] 4888 4945] 5003} 58 
750 |, 875061 ong 5177} 5235} 5293) 5351] 5409! 5466! 5594! 55801 58 
751 5640] 5698] 5756] 5813, 5871 5929] 5987| 6045} 6102] 6160] 58 
752 | 6218 6276) 6333) 6391| 6449) 6507, 6564| 6622] 6680 6737] 58 
753 6795} 6853} 6910) 6968) 7026) 7083) 7141 7199] 7256] 7314] 58 
724 | 9371] 7429) 7487) 7944) 1602| 7659, 7717] 7774| 7832; 7889] 58 
755 au 8004! 8062) 8119 8177] 8234) 8292) 8349 8407| 8464] 57 
756 8522) 8579| 8637) 8694 8752 8809 8866 8924) 8981) 9039] 57 
at 9096! 9193) 9211) 9268) 9325 9384) 9449} 9497 9655 9612) 57 
75 9669) 9726) 9784) 9841 9808 9956, 13) €670) 197] ©7185) 57 
759 880242 0299) 0356, 0413) 0471, 0528 0585) 0642 0699] 0756] 57 
Ny elit] 4 ae sree 
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A TABLE OF LOGARITHMS FROM 1 TO 10,000 le 
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880814 0871| 0928) 0985) 1042 


1385 
1955 
ona5 
3093 
3661 
4229 
4799 
5361 
5926 
886491 
094 
617 
179 
8741 
9302) 
9842 
890421 
0980 
1537| 
892095 
2651 
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1442) 


| 4909} 4969) 5022 


| 6039} 6096} 6152 
; 6604) 6660} 6716 


| 1649; 1709) 1760 


| 2762| 2818] 2873 
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| 3873! 3928) 3984 
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7519] 7573] 7626 
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1499 1956) 1613 
2069) 2126| 2183 
2638} 2695} 2752 
3207) 3264} 3321 
3775} 3832] 3888} 
4342| 4399) 4455) 


5474, 5531) 5587 


7167| 7223} 7280 
7730) 7786} 7842 
8292) 8348) 8404 
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414| 9470 26 
oot dens 3086! 
0933} 0589] 0645 
TOgt| 1147} 1203 


2206; 2262] 2317 
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oS 

1) 
‘Oo: 


6636] 6692} 6747 
7187} 7242) 7297 
1737| 779? oe 
8286) 8341 
8835 Be 8944 
383] 9437] 9492 
9930 998) e039 
0476| 0931} 0586 
1022] 1077|.1131 
1567| 1622| 1676 
2112} 2166] 2221 


3199| 3253] 3307 


4283} 4337] 4391 
4824) 4878) 4932 
5364] 5418] 5472 
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6981} 7035| 7089 


8056 es 163 
8592| 8646} 869 
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ee 7999 dere 
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021} 9077] 9134 
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1816! 1872] 1928 
2373| 2429] 2484 
2929} 2985' 3040 
3484} 3540| 3595 
4039] 4094 pee 


» 
Le) 
O» 
or 
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5699) 5 
6251) 6306) 6361 
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9547| 9602 3656 
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4986 5040| 5094 
5926] 5580) 5634 
6066] 6119) 6173 
6604} 6658) 6712 
7143] 7196| 7250 
680 gee 7787 
217 
8753] 8807) 8860 
9289} 9342) 9396 
9823, 9877} 9930 
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3019) 3072) 3125 
3549| 3602 3655 
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0868 
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096 
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475 
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2458 
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6766 
7304 
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378 
8914 
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ojacliEI DY 
F398! 07 
1898; 57 
2468 7 
303 7 
3605 57 
4172) 97 
4739 57 
5305] 57 
5870] 97 
6434) 56 | 
vera 56 
7961 


8123| 56 
8685) 56 
9246, 56 
9806; 56 
©365| 56 
0924| 56 
1482| 56 
2039} 56 
2595} 56 
3151] 56 
3706} 56 
4261| 55 
4834) 55 
5367| 55 
5920} 55 
6471) 55 
7022| 59: 
7572) 55 
8722) 55 
8670! 55 
9218| 55 
9766) 55 
312) 55 
0859] 55 
1404} 55 
1948) 54 
2492| 54 
3036 54 
3578] 54 
4120} 54 
4661) 54 
5202} 54 
5742| 54 
6281} 54 
6820] 54 


14 A TABLE OF LOGARITHMS FROM 1 To 10,000. 


Nj o=|a [2 | 3°[4 | 6a ge Bales pe 
$20 | 913814) 3867) 3920) 3973| 4026, 4079 4132) 4184| 4237, 4290) 53 
821 4343 7396 4469 wae 4555) 1608 4660] 4713| 4766) 4819; 93 
822 4872| 4925) 4977) 5030| 5083) 5136] 5189 52414 5294) 5347, 53 
823 5400] 5453} 5505| 5558} 56rrj\ 5664) 5716) 5769] 5822) 5875} 53 
824 5927] 5980, 6033) 6085| 6138) 6191] 6243| 6296) 6349) 6401] 53 
825 | 6454) 6307) 6559] 6612| 6664) 6717| 6770| 6822] 6875) 6927] 53 
826 6980] 7033) 7085) 7138} 7190| 7243) 7295| 7348) 7400| 7453| 53 
| 80 7906} 7558) 7611] 7663} 7716} 7768) 7820) 7873} 7925) 7978] 52 
828 | $030] $083] 8135) $188 8240] 8293} 8345] 8397] 8450) 8502] 52 
829 8555} 8607 sy 8712| 8764} 8816] 8869] 8921] 8973) 9026) 52 
830 | 919078] 9130, 9183] 9235] 9287| 9340| 9392| 9444| 9496] 9549} 52 
831 9601! 9653 9706 9758] 9810} 9862| 9914] 9967| ®*19' @e71| 52 
832 | 920123} 9176, 0228} 0280} 0332] 0384] 0436) 0489] 0541) 0593| 52 
833 0645) 0697) 0749] 0801] 0853! 0906] 0958] 1010 1062) 1114) 52 
834 1166; 218, 1270) 1322] 1374) 1426] 1478] 1530] 1582] 1634] 52 
835 1686) 1738, 1790} 1842] 1894 1946; 1998] 2050] 2102) 2154] 52 
836 2206| 9258 2310] 2362] 2414 2466) 2318) 2570) 2622) 2674) 52 
$3 2725] 2777, 2829] 2881] 2933, 2985) 3037, 3089] 3140) 3192) 52 
83 3244) 3296, 3348 3399] 3451} 3503} 3555, 3607] 3658) 3710 52 
| 830 3762} 3814) 3865) 3917] 3969! 4o2r 4072, 4124] 4176) 4228) 52 
840 | 924279] 4331| 4383, 4434] 4486) 4538] 4589! 4641| 4693) 4744] 52 
841 4790) 4848, ae 4951| 5003) 5054) 5106) 5157| 5209) 5261) 42 
842 | 5312) 5364) 541 5467 5518, 5570] 5621) 5673} 5725; 5776! 92 
843 9828) 5879; 5931| 5982| 6034 6085) .6137| 6188) 6240! 6291| 51 
844 6342) 6394 6445} 6497] 6548, 6600} 6651|-6702| 6754) 6805| 51 
845 6857| 6908 5989 7011) 7062) 7114) 7165) 7216] 7268) 7319) 51 
846 | 7370| 7422) 7473) 7524) 7576| 7627| 7678) 7730] 7781] 7832| 51 
84 7883) 7935) 7986] 8037] 8088) 8140] gigt| 8242| 8293) 8345} 51 
84 8396] 8447) 8498] 8549] 8601| 8652 8703 8754) 8805) 8857) 51 
849 | 8908) 8959) 9010] 9061] 9112) 9163) 9215] 9266) 9317!) 9368] 51 
850 | 929419) 9470) 9521} 9572) 9623 9674) 9725) 9776] 9827) 9879} 51 
851 9930] 9981; ®°32 3043 ©134| ©1835) 236) ©287| ©338) ©3850] 51 
852 | 930440] 0491) 0542] 0592| 0643) 0694) 0745) 0796) 0847 0898] 51 
853 0949} 1000) 1051} 1102] 1153) 1204] 7254) 1305) 1356! 1407] 51 
854 1493} 509) 1560] 1610) £661) 1712| 1763) 1814) 1865) 1915) 51 
855 1966) 2017) 2068] 2118] 2169! 2220) 2271) 2322] 2372) 2493) 51 
856 2474) 2524 2575) 2626) 2677) 2727| 2778) 2829) 2879) 2930| 51 
857 2981} 3031) 3082] 3133] 3183) 3234] 3285) 3335] 3386) 3437| 51 
858 3487| 3538) 3589] 3639 3690} 3740) 3791) 3841] 3892) 3943} 51 
859 3993| 4044) 4094| 4145] 4195| 4246] 4296) 4347] 4397| 4448] 51 
860 | 934498| 4549 4599} 4650} 4700] 4751| 4801| 4852) 4902| 4953] 50 
861 5003) 5054) 5104] 5154] 5205| 5255) 5306) 5356] 5406 5457} 5o 
862 5507} 5558) 5608) 5658] 5709] 5759| 5809| 5860 5910] 5960} 5o 
863 6011, 6061) 6111] 6162] 6212| 6262] 6313) 6363] 6413] 6463] 50 
864 6514) 6564) 6614] 6665] 6715) 6765] 6815} 6865] 6916 6966] 50 
865 7016) 7066} 7117 uy 7217| 7267] 7317| 7367| 7418} 7468] 5o 
866 9518 Pe 7618 re 718] 7769] 7819} 7869] 7919] 7969} 50 
' 86 8019) 8069} 8119] 8169) 8219] 8269] 8320, 8370] 8420 Biro 5o 
86 8520) 8570] 8620] 8670] 8720] 8770] 8820] 8870 8920) 8970] ° 50 
869 9020) 9070) 9120} 9170} 9220] 9270] 9320] 9369] 9419] 94 50 
870 | 93951 9609 9619] 9669} 9719] 9769] 9819 9869) 991 3968 50 
| 871 | 940018) 0068) 0118) 0168] 0218) 0267] 031 0367} 0417] 0467| 50 
| 8/2 | 0516) 0566) 0616] 0666} 0716| 0765] 0815! 0865 0915} 0964| .50 
873 1014) 1064 1114] 1163] 1213] 1263] 3813! 1369] 1412] 1462| 5o 
874 TOIT} 1561) 1611] 1660} 1710) 1760] 1809) 185 1909] 1958] 5o 
875 2008, 2058 2107] 2157| 2207| 2256] 2306] 2355! 2405| 2455| 50 
876 2504) 2554) 2603] 2653) 2702| 2752] 28o1| 2851] 2901 2950} 5o 
87 3000|_ 3049} 3099] 3148} 3198) 3247| 3297| 3346] 3 96) 3445} 59 
87 ee 3544 398 3643] 3692) 3742| 3791] 3841| 3890] 3939) 59 
879 ___ 3989] 4038] 4088] 4137] 4186) 4236) 4285 7335 4384 1433 59 
deals 56 Picket ek Bene eo ee D._| 


A TABLE OF LOGARITHMS FROM 1 TO 10,000, 


| 0 Sit Re 2a ee ee 


944483} 4532| 4581) 4631) 4680, 4729 4779| 4828 
ae 5025} 5074} 5124) 5173) 5222) 5272) 5321 5370) 5419}: 
9469] 5518] 5567] 5616) 5665) 5715| 5764| 5813] 5862 5912 

5961] 6010] 6059] 6108) 6157) 6207) 6256) 6305) 6354/6403 

6452) 6501| 6551] 6600) 6649) 6698) 6747) 6796) 6845) 6804 

6943}. 6992} 7041 7990 7140} 7189, 7238 Bah 7336 7385 

7434] 7483} 7532] 7581| 7630| 767 | 7728} 7777| 7826) 7875 
7924] 7973| 8022| 8070) 8119) 8168) 8217] 8266) 8315] 8364 
8413} 8462} 8511] 8560) 8609) 8657) 8706 8755) 8804) 8853 
8902] 8951| 8999] 9048! 9097| 9146) 9195] 9244] 9292 9341 

949390} 9439} $488] 9536) 9585) 9634] 9683) 9731| 9780 9829 
9878} 9926] 9975] #24) ©¢73) @121| @170) #219 ©267| ©316 

950365) 0414] 0462! 0511/ 0560) 0608) 0657 0706} 0754) 0803 
0851] og00] 0949 0997| 1046) 1095} 1143] 1192] 1240) 128 
1338} 1386] 1435! 1483] 1532] 1580) 1629) 1677] 1726 177 
1823) 1872] 1920| 196c) 2017 2066; 2114) 2163] 2211] 2260 
2308) 2356] 2405] 2453) 2502| 2550) 2599! 2647] 2696 2744 
2792| 2841| 2889] 2938] 2986) 3034) 3083) 3131] 3180} 3228 

| 3296} 3325) 3373] 3421] 3470) 3518) 3566| 3615] 3663) 311 
376c} 3808} 3856] 3905} 3953} 4oor| 4049) 4098} 4146 4194 

654243) 4291|- 4339} 4387] 4435) 4484] 4532| 4580! 4628 4677 
4723) 4773| 4821) 4869) 4918} 4966| 5014! 5062| 5110] 5158 
5207| 5255] 5303) 5351) 5399) 5447| 5495) 5543] 5592) 5640 
5688] 5736) 5784) 5832) 5880} 5928) 5976) 6024) 6072! 6120 
6168) 6216] 6265) 6313) 6361) 6409] 6457| 6505] 6553) 6601 
6649] 6697} 6745} 6793] 6840| 6888| 6936) 6984! 7032! 7080 
7120| 7176) 7224) 7272| 7320) 7368) 7416] 7464) 7512! 7559 
7607} 7655) 7703) 7751} 7799) 7847| 7894} 7942} 7990, 8038 
8086) 8134} 8181] 8229) 8277} 8325] 8373] 8421|:8468! 8516 
8564] 8612] 8659} 8707] 8755} 8803) 8850} 8898) 8946] 8994 

959041} 9089] 9137] 9185) 9232| 9280] 9328) 9375) 9423 9471 
9518) 9566} 9614} 9661] 9709] 9757) 9804} 9852) 9900] 9947 
9999} ©°42] 90} ©1383] 9185) ©233) @280] €328) ©376| e493 

960471) 0518} 0566] 0613} 0661] 0709) 0756} 0804) 0851] 0899 
0946, 0994) 1041) 1089) 1136] 1184) 1231 He) 1326) 1374 
1421! 1469} 1516] 1563} 1611} 1658) 1706] 1753} 1801] 1848 
1895] 1943] 1990! 2038} 2085] 2132) 2180] 2227] 2275} 2322 
2369} 2417] 2464) 2511) 2559] 2606) 2653) 2701| 2748] 2795 
2843| 2890] 2937] 2985] 3032} 3079] 3126) 3174) 3221| 3268 
3316| 3363} 3410] 3457) 3504) 3552] 3599} 3646] 3693) 3741 

963788} 3835} 3882} 3929] 3977| 4024] 4071] 4118) 4165) 4212 
4260} 4307| 4354) 4401} 4448] 4495| 4542] 4590] 4637] 4684 
4731| 4778] 4825} 4872) 4919} 4966] 5013} 5061) 5108} 5155 
5202| 5249} 5296} 5343} 5390] 5437] 5484] 5531; 5578] 5625 
5672} 5719] 5766) 5813) 5860] 5907} 5954} 6001) 6048} 6095 
6142| 6189) 6236] 6283) 6329) 6376] 6423) 6470) 6517) 6564 
6611| 6658} 6705] 6752| 6799) 6845) 6892] 6939} 6986} 7033 
7080} 7127| 7173] 7220 739) 7314) 7361] 7408) 7454} 7501 
7548) 7595| 7642] 7688) 7735] 7782] 7829] 7875] 7922] 7969 
8016} 8062] 8109] 8156) 8203) 8249} 8296] 8343) 8390} 8436 

968483} 8530] 8576] 8623) 8670) 8716] 8763) 8810) 8856} 8903 
8950) 8996} 9043 oe 9136| 9183} 9229] 9276) 9323] 9369! 
9416} 9463 at 9556} 9602] 9649] 9695} 9742] 9789] 983 
9382} 9928) 9975} @®21] 9°68) ®114) ©161| 207) ©254| €300 

970347} 0393] 0440] 0486) 0533} 0579} 0626) 0672] 0719} 0765 
0812! 0858] 0904} 0951} 0997} 1044] 1090} 1137) 1183; 1229 
1276} 1322] 1369) 1415) 1461] 1508] 1554} 1601| 1647} 1693 
1740| 1786] 1832] 1879] 1925) 1971} 2018] 2064) 2110) 2157 
2203| 2249] 2295} 2342] 2388) 2434) 2481] 2527) 2573) 2619 
2666| 2712| 2758} 2804} 2851| 2897] 2943) 2989} 3035) 3082 


0 files | picts 1p 8-4) boa |B 
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A TABLE OF LOGARITHMS FROM 1 10 10,060. 


[ay ee 
Os |ar 2 3 4 570 7 8 9 | D. 
973128} 3174] 3220) 3266) 3313) 3359) 3405) 3451) 3497} 3543 46 
3590} 3636] 3682) 3728) 3774! 3820] 3866] 3913| 3959] 4005} 46 | 
4091} 4097 4143, 4189) 4235' 4281] 4327] 4374| 4420] 4466} 46 
4512) 4558} 4604 4650) 4696, 4742| 4788) 4834] 4880] 4926} 46 
4972| 5018} 5064 5110} 5156, 5202] 5248} 5294) 5340) 5386, 46 
5432| 5478] 5524; 5570; 5616) 5662| 5707! 5753} 5799} 5845} 46 | 
58g1| 5937} 5983 6029! 6075. 6121| 6167) 6212} 6258) 6304! 46 
947 | 6350] 6396) 6442) 6488| 6533) 6579) 6625) 6671] 6717] 6763) 46 
948 6808| 6854} 6900! 6946 6992) 7037) 7083) 7129] 7175) 7220] 46 
949 7266} 7312] 7358) 7403 7449, 7499| 7541] 7586) 7632 ce 46 
gde | 977724] 7769 7815 7861} 7906) 7952 4038 8043] 8089) 8135) 46 
951 8181} 8226} 8272: 8317 8363) 8409} 8494) 8500] 8546] 8591} 46 
952 8637) 8683] 8728 8774) 8819, 8865| 8911} 8956} go02| g047| 46 
953 9093} 9138) 9184 9230} 9275| 9321) 9366} 9412] 9457) 9503) 46 
954 9548) 9594] 9639, 9685) 9730) 9776} 9821] 9867 oe 9958} 46 
955 | 9800030049) 0094 o140, 0185: 0231] 0276; 0322} 0367] 0412} 45 
956 0458) 0503} 0549: 0594) 0640 0685) 0730) 0776| 0821} 0867) 45 
997 0912] 0957| 1003) 1048] 1093, 1139] 1184) 1229] 1275) 1320} 45 
958 1366] 1411) 1456, 1501) 1547) 1592, 1637) 1683) 1728) 1773} 45 
955 1819} 1864} 1909) 1954] 2000) 2045); 2090] 2135] 2181) 2226] 45 
g69 | 982271} 2316) 2462; 2407} 2452) 2497| 2543] 2588] 2633] 2678) 45 
961 2723; 2769] 2814 2859] 2904 2949} 2994| 3040] 3085} 3130) 45 
g62 | +3179) 3220) 3265, 3310] 3356, 3401| 3446) 3491] 3536) 3581) 45 
963 3626) 3671| 3716) 3762] 3807) 3852) 3897| 3942] 3987] 4032) 45 
964 4077) 4122) 4167} 4212] 4257) 4302] 4347] 4392] 4437] 4482] 45 
965 4527| 4572| 4617) 4662] 4707) 4752] 4797| 4842] 4887} 4932] 45 
966 497]| 5022| 5067) 5112} 5157) 5202) 5247) 5292] 5337] 5382) 45 
967 5426) 5471| 5516| 5561) 5606) 5651 5695| 5741] 5786} 5830] 45 
968 5875; 5920) 5965) Goro} 6055; 6100) 6144! 6189] 6234! 6279] 45 
969 | 6324) 6369) 6413) 6458] 6503 6548) 6593| 6637] 6682| 6727] 45 
970 | 986772) 6817! 6861 Bee 6951) 6996} 7040} 7085} 7130] 7175) 45 
971 7219, 7264, 7309, 7353) 7398, 7443| 7488) 7532] 7577| 7622! 49 
972 7666! 7711) 7756 7800] 7845, 7890; 7934) 7979| 8024} 8068] 49 
973 8113) 8157) 8202 8247| 8291| 8336) 8381| 8425) 8470, 8514] 45 
974 8559; 8604 8648) bogs 8737) 8782) 8826) 8871] 8916] 8960; 45 
979 9009 9049) 9994) 9138 9183) 9227) 9272| 9316) 9361) 9405) 45 
976 9490 9494 9939 9583) 9628 9672] 9717| 9761} 9806) 9850} 44 
977 9899 9939 9933 9028} 072 S117) 161] ©206| 250! ®294) 44 
978 | 990339 0353 0428 0472) 0516 0561| 0605) 0650] 0694) 0738] 44 
979 0783 0827 0871 oS 0960 1004) 1049; 1093} 1137) 1182] 44 
god | 991226 1270 1315 1359) 1403 1448! 1492) 1536, 1580! 1625} 44 
931 1669 1713 1758 1802] 1846 1890, 1935' 1979} 2023. 2067| 44 
982 2111, 2156 2200 2244} 2288 2333) 2377] 24211 2465) 2509) 44 
983 2554 2598 2642| 2686) 2730  2774| 2819) 2863] 290 2951| 44 
984 2995 3039 3083) 3127] 3172 3216) 3260) 3304| 3348) 3392] 44 
985 3436) 3480) 3524] 3568] 3613, 3657, 3701| 3745] 3789| 3833} 44 
986 3877) 3921| 3965 4009] 4053) 4097) 4141} 4185 4229} 4273) 44 
987 4317, 4361) 4405) 4449} 4493) 4537] 4581! 4625| 4669 4713] 44 
988 415], 4801) 4845). 4889] 4933) 4977; 5021} 5065) 5108) 5152! 44 
589 5196, 5240, 5284) 5328] 5372) 5416] 5460] 5504! 5547 5591| 44 
996 | 795635 5679 5723) 5767] 5811| 5854) 5898) 5942 5986. 6030! 44 
gg 6074 6117 6161) 6205] 6249 6293) 6337] 6380! 6424 6468 44 
992 6512, 6555 6599} 6643] 6687 681 6774; 6818] 6862) 6906) 44 
693 6949 6993 7037] 7080] 7124 7168) 7212| 7255 72 | 9343 44 
994 7386 743c, 7474, 7517| 7561, 7605, 7648] 7692 7736 7179; 44 
999 71823 7 7910] 7954) 7998 8041) 8085} 8129 8172| 216| 44 
| 496 8259 8303 8347) 8390] 8434 8477' 8521| 8564 8608; 8652) 44 
O97 8695 8739 8782, 8826 pee 8913, 8956} q000] 9043 9087, 44 
| 99) gist 9174 9218 9261} 9305 9348 9392! 9435] 9479 9522; 44 
|_999 | __ 9269 9609 9652, 9696) 9739 §783, 9826| 9870] 9913 9957| 43 
Neo, 1 | 2 [3 4 | 5 | 6) § | 8. Ae as 


A TABLE 
OF 
LOGARITHMIC 


SINES AND TANGENTS 


FOR EVERY 


DEGREE AND MINUTE 


OF THE QUADRANT. 


REMARK. The minutes in the left-hand column of 
each page, increasing downwards, belong to the de- 
grees at the top; and those increasing upwards, in the © 
right-hand column, belong,to the degrees below. 


18 (Q DEGREES.) A TABLE OF LOGARITHMIC 
oo Sine D. | Cosine | D. | Tang. (fee Ds Cotang. | 


0000000 |10+000000| 0+ono0000 | Infinite. 60 
6+463726| 5017-17} 000000] +00} 6-463726| 5017-17]13-53627%4! 59 


o 

I 

2 | 764756) 2934-85, o00000| -00] 764756) 2934-83) 235244) 58 
3.| 940847! 2082-31] 000000) :00; 940847) 2082-31 cigs 57 
4 7-065786| 1615+17) 000000) +00) 7-065786 oD Lipa 4214) 56 | 
5 | 162696] 1319-68, 000000] +00) 162696 Se 37304] 55 3 
6 | 241877) 1115-75 9-999999, -01; 241878 ee pee 54 
7 | 308824] 966-53| 999999| -01) 308825 oe Se tO9 ae 53 
8 366816} 852-54 999999) *01 366817 2-54 633183} 52 


| 417968 762-63] 999999! -01| 417970} 762-63) 582030) 51 
~ | 463725 689-88) 999998) -01| 463727} 689-88) 536273) 5o 
11 {7+505118 629-81] 9+999998| -01| 7°505120) 629-81 a a 4 
! 12 | 542906 579-36} 999997] *e1| 542909] 579-33) 497091) 4 
13 | 577668, 536-41) 999997) -01) 577672} 936-42) 422328) 47 
14 | 609853} 499-38; 999996} -o1 609857} 499°3 390143) 46 
15 | 639816, 467-14) 999996] +01 639820} 467-1 36018c! 45 
16 | 667845] 438-81! 999995) -o1| 667849] 438-82) © 332151) 44 
1 694173) 413-72} 999995) *o! 694179| 413-73 305821} 43 
| ; 718997| 391-35] _ 999994! 01] 719004) 391-36] — 280997} 42 
19 742477| 371-27 999993, ‘Ol ce 84) 371-28 257516) 41 
20 764754) 353-15 999993) -01 64761; 351-36 235239, 40 
t 21 ee 336-72! 9-999992| OI 178598 336+73)12+214049) 3 

06146) 321-75 999991 *O1 06155 321-76 193845 3 
23 825451} 308-05) 999990, :OI 825460] 308-06 I 74540 37 
24 | 843934] 295-47| 999989! -02|} 843944] 295-49) 156056) 36 
25 861662) -283-88] 999988) +02 861674} ~283-90 138326} 35 
26 eee | 273-17] 999988) 02] 878708; 273-18! 121292] 34 _ 
27 | 895085) 263-23) 999987| -02| 895099] 263-25) 104901] 33 
28 | 910879} 253-99] 999986 +02 arog 254-01] 089106] 32 
29 | 926119] 245-38] 999985). -02) 926134) 245-40] 073866] 31 
30 | 940842} 237-33! 999983! -02| 940858] 237-35} 059142} 30 
31 |7-955082| 229-80 9-+999982! +02) 7:955100] 229-+81/12-044900} 2 
32 | 968870} 222-73)  ggg981| -02}  g68889/ 222-75) o31iia| 2 
33 | 982233) 216-08} 999980, :02} 982253] 216-10) 017747| 27 
34 | 995198} 209-81] 999979] -02| _ 995219} 209-83}  004781| 26 
35 |8-007787| 203-90} ~ 999977| +02) 8-007809} 203+92\11- sc 25 
36 | 020021} 198-31} 999976} +02 pense 198-33 95 
3 031919] 193-02] 999975, +02] 031945} 193-05 968055 23 
3 043901| 188-01] 999973] +02} 043527; 188-03 956473 22 
39 | 054781} 183-25} 999972} +02] 054809! 183-27] 945191] 21 
40 | 065776) 178-72 99997! +02 065806] 178-74) 934194} 20 
41 |8+076500} 174-41] 9+999969| +02} 8-076531) 174-44'11-92346o] 1 
42 | 086965) 170-31 Booe6e +02) . 086997} 170-34 piGoe) 
43 } 097183) 166-3 999966! -02| 097217| 166-42 02783) 17 
44| 107167| 162-6 999964) -03) 107202} 162-68 Baek 7| 16 
45 | 116926} 159-08] 999963) +03! 116963} 159-10 883 afl 15 
46 | 126471] 155-66). 999961) +03) 126510} 155-68 873490 14 
4 135810} 152-38 999599 _703| 135851) 152-41) 864149} 13 
4 144993) 149-24) - 999958) -03] 144996] 149-27) 855004) 12 
49 | 153907} 146-22 ane +03 153952] 146-27) 846048) 11 
5o | 162681] 143-33! 999954! +03} 162727) 143-36] 837273] 10 


51 |8-171280) 140-54: 9-999952, +03} 8+171328] 140-57) 11: 828672 

52 | 179713 137-86| 999950} +03 7 763) 137-90 Pe 8 
53 | 187985} 135-29, 999948} +03 g 811964 

54 | 196102! 132-80] 999946} - 803844 g 
55 , 204070] 130-41] —_999944| - 795874) 5 
56 | 21 We 128-10] 999942 388049 4 
5 219581} 125-87 G99989 780359| 3 
5 227134] 123-72! 999938 713805 2 
59 | 234557 999936 765379) 4 
60 | 241855 999934 758079| © 


Cosine 


Sine Tang. 


SINES AND TANGENTS. (1 DEGREE.) 19 
M. Sine D. Cosine | D.| Tang. D.. | Cotang. 
0 |8-241855| 119-63 | 9-999934| -04 8241921) 119-67 |11+758079) 60° 
I 249033| 117-68 999932] +04) 249102, 117-72 | 750898) 5 
2 296094) 115-80 999929] 04! 256165) 115-84 743835) 58 
3 | 263042) 113-98 99992]| -04) 263115) 114-02 736885} 57 
4 | 269881} 112-21 999929) +04) 269956) 112-25 730044| 56 
5 |< 276614! 110-50 999922 -04, 276691! 110-94 723309! 55 
6 | 283243) 108-83 999920) -04, 283323 108-87 716677! 54 
3) 289773] 107-21 999918) -04| 289856/ 107-26 710144| 53 
8 | 296207; 105-65 999915) +04) 296292| 105-70 703708) 52 
g | 302546) 104-13 999913} +04) 302634, 104-18 697366] 51 
| 10 308794) 102-66 999910) -04) 308884! 102-70 691116} 50 
tz j@-314904) 101-22 9°999907| *04; 8315046, 101-26 |11+684954) 4 
12 | 321027) 99-82 999909| +04) 321122) 99-87 678878} 4 
13 | 327016) 98-47 999902] -04| 327114) 98-51 672886) 47 
t% | 932924) 97-14 999899] -05} 333025) 97-19 666975} 46 
15 338753) 95-86 999897} -05 338856) 95-90 661144) 45 
16 | 344504) 94-60 999894) -05! 344610) 94-65 655390] 44 
I 350181; 93-38 999891| -05, 350289! 93-43 649711] 43 
I 355783! 92-1 999888) +05) 3558 3 92-24 644105) 42 
Ig | 361315! gt-o 999885} -05| 361430 1-08 638570} 41 
20 | 366777| 89-90 999882} -05; 366895) 3 eA 633105] 40 
21 ,8-372171| 88-80 | 9-999879! +05; 8-372292) 88. 5 |11-627708] 3 
22 | 377499} 87-72 999876) -05| 377622) 87-77 622378) 3 
23 | 382762} 86-67 999873| -05; 352889) 86-72 617111| 37 
24 | 387962) © 85-64 999870] -05; 388092) 85-70 611908} 36 
25 | 393101) 84-64 999867| -05 393234 84-70 606766} 35 
| 26 | 398179} 83-66 999864; -05} 398315} 83-71 601685) 34 
2 403199] 82-71 999861| -05| 403338) 82-76 596662) 33 
2 408161} 81-77 999858] -05} 408304) 81-82 ae 6} 32 
29 | 413068! 80-86 999854} -05) 413213) 80-91 5 6781 31 5 
30 | 417919} 79-96 999851| -06| 418068) 80-02 581932} 30 
31 |8-422717| 79-09 | 9-999848] +06 8-422869] 79-14 |11-577131] 2 
32 | 427462] 78-23 999844} +06} 427618] 78-30 572382) 2 
33.| 432156! 77-40 999841} +06; 432315} 77-45 567685} 27 
| 34 | 436800 760-57 999838) -06 cite 76-63 563038} 26 
35 | 441394; 75-77 999834) +06) 441960) 75-83 558440] 25 2 
36 | 445941) 74-99 999831| 06] 446110) 75-05 553850] 24 | 
37 | 450440) 74-22 999827| +06) 450613} 74-28 549387 23 
38 | 454893} 73-46 999823] -06 ie 73°52 544930) 22 
39 | 459301} 72-73 999820] -06) 459481] 72-79 540519} 21 
40 | 463665} 72-00 999816) -06) 463849) 72-06 536151} 20 
41 |8-467985| 71-29 | 9-999812) :06) 8-468172} 71-35 |11-531828) 1 . 
42 | 472263] 70-60 999809] -06] 472454] -70-66 527546] 1 
43 | 476498} 69-91 999805} 06) 476693 ee 523307] 1 
44 | 480693) 69-24 999801} -06 oe 69:31 519108) 1 
45 484848} 68-59 999797) °°7 485050| 68-65 514950] 15 
46 | 488963] 67+94>| 999793] -07| 489170} 68-01 510830} 14 
4 493040) 67-31 999790 °07| 493250) 67-38 506750] 13 
4 497078 66-6 999786| -07| 497293} 66-76 | 502707) 12 
49 | 501080} 66-0 999782] °07| Sor2 66-15 498702] 11 
50 | 505045} 65-48 999778] -°7| _ 505267} 65-55 494733} 10 
51 |8-508974| 64-89 | 9-999774| °°7| 8-509200) 64-96 bi yes g 
FIN eor 86 64-31 999709 -07| 513098) 64-39 486902 
BEY | ae 63-75 999765| 07] 516961] 63-82 483039 Z 
54 | 520051} 63-19 999761] *07| , 520790) 63-26 479210 
55 | 524343) 62-64 999757) *07| 524586, 62-72 479414). 5 
56 | 5281021 62-11 999753| :07| 528349} 62-18 ae 4 
5 531828) 61-58 999748] :07| 532080} 61-65 467920] 3 
56 | 535593| 61-06 | 999744| -07| 535779) 61-13 | 464221| 2 
59 | 539186) 60-55 | 999740] -07} 939447 60-62 | 460553) 1 
60 | 542819] 60-04 ; 999735] :07| 543084 60-12 | 456916} 0 
ie | Cosine D. | Sine |88°| Cotang. D. Tang | i 


16! 31 


Om ty OR OO 


20 (2 DEGREES.) A TABLE OF LOGARITAMIC 
Mee oile. fee. Cosine | D.; Tang. Dz Cotang. |_ 
| © |8-542819 | 60-04 | 9-999739, -07| 8-543084 60-12 [11-456916 60 
1 | 546422 | 59-55; 999731) -07| 546691. 59-62 453309 9 
2 549995 59-06 999726, -07! 550268 59-14 449732 5 
3 17,.003089; | 58-5 999722, -08| 553817, 58-66 446183 57 
4 | 557054 | -58-11 999717, 08! = 557336. 58-19 442664 356 
5 | 560540 | 57-65 999713, -05) 560828 57-73 439172 55 
6 | 563999 | 57-19 999708: +18} = 564291, 57-27 439709 94 
567431 | 56-74 999704; -08| 567727 56-82 432273 53 
4 570836 | 56-30 999699| -08) 571137; 56-38 428863) 52 
9 | 574214 | 55-87 999694) -08} 574520) 55-95 425480; 91 
10 Syne 55-44 999689; -08 577877) 55-52 422123) 5o 
11 |8-580892 - 55-02 | 9+999689| +08) 8-581208, 55-1c |11-418792) 4 
12 584193 54-60 999680) -o8| 584514 54-68 415456! 4 
13 | 587469 | 54-19 999675) -08| 587795! 54-27 412205! 47 
14 | 590721 | 53-79 | 999670, -08, Sg1091 53-87 | 408949) 40 
15 | 593948 | 53-39 999665} +08) 594283/ 53-4 an 43 
16 597152 53-00 999660! -08!  597492' 53-0 402508) 
I 600332 } 52-61 999655| 08} 600677! 52-70 399323; 43 
I ors 52-23 ggyvdo| +08) 603839! 52-32 396161) 42 
19 | 60662 51-86 999645 09! 606978! 51-94 393022) 41 
20 | 609734} 51-49 999640) -09! 610094; 51-58 389906, 40 
21 \8-612823 | 51-12 | 9-999635| -09, 8-613189! 51-21 |11-386811' 3 
22 | 615891 | 50-76 |; 999629] +09) 616262) 50-85 383738, 3 
23 | 618937 | 5o-41 999624} -09| 619313} 50-50 380687} 37 
24.| 621962 50-06 999619] 99; 622343! 50-15 377657) 36 
25 | 624965 | 49-72 999614) :09) 625352) 49-81 374648 
26 |. 627948 | 49-38 999608} -09| 628340] 49-47 371660} 34 
27 | 630911 | 49-04 | 999603} -09} 631308) 49-13 368692) 33 
28} 633854 | 48-71 | 999597| -09| 634256! 48-80 | 365744! 32 
29 | 636776 | 48-39 999592] -09| 637184) 48-48 3698 
30 | 639680 | 48-06 390586 *09| 640093} 48-16 359907] 30 
31 |8-642563 | 47-75 | 9-999581} +09 8.642082 47-84 |11-357018) 29 
32 | 645428 | 47-43 999575) +09! 645853} 47-53 354147) 28 
33 | 648274 | 47-12 999570| 09} 648704) 47-22 351296} 27 
34 | 651102 | 46-82 999564) :09; 651537} 46-91 348463] 26 
35] 653911 | 46-52 999558) -10) 654352) 46-61 345648; 25 
36 | 656702 | 46-22 999953} +10 a 46-31 342851} 24 
3 659475. | 45-92 999547) *10} 659928) 46-02 340072} 23 
3 662230 | 45-63 999541} +10; 662689) 45-73 337311} 22 
3g | 664968 | 45-35 | 999535} +10; 665433) 45-44 | 334567) 21 
40.|. 667689 | 45-06 999529] +10, 668160; 45-26 331840] 20 
41 gets 44°79 | 9°999524| -10; 8-670870}- 44-88 |11-329130] 1 
42 673080 44-91 999518] +10 673563} 44-61 326437] 1 
43 | 675751 | - 44-24 999512] *10} 676239] 44-34 323761] 1 
44 hoes 43-97 999506} -10 p78900 44-17 321100) I 
45 681043 43-70 999500] +10 681544) 43-80 318456] 15 
46 | 683665 | 43-44 999493| +10 CaaS 43-54 315828} 14 
4 686272 | 43-18 999487] +10; 686784} 43-28 313216} 13 
48, 688863 |} 42-92 999481] +10) 689381] 43-03 310619] 12 
45 ;, 691438 | 42-67 999475] +10} 691963) 42-77 308037} 11 
50 | 693998 | 42-42 999469] +10} 694529] 42-52 305471) 10 
51 j8-695543 | 42-17 | 9+999463} -11| 8-697081| 42-28 |11-30291 
| 52 | 699073 | 41-92 | 999456] -11| 699617] 42-03 300383 
53 | 701589 | 41468 999450| +Tt| ~ 702139} 41°79 297861! 
54 | 704090 | 41-44 999443) +11] 704646; 41-59 295354) 
55 | 706577 | 41-21 999437| II} 7Jo7140] 41-32 292860 
56 | 709049 | 40:97 999431] +11} 709618] 41-08 290382 
5 711507 | 40-74 999424] 11} 712083} 40-85 abt7 
5 713952 | 40-51 999418] +11]. 714534] 40-62 285465 
5g | 716383 | 40-2 999411| *1I| 716972) 40-40 283028 
_60 | 718800 40:06 | 999404! +11) 719396] 40-17 280604 
Cosine D. | Sine [879 Cotang. 


a 


Dy) Tang: 


SINES AND TANGENTS. (3 DEGREES.) 2] 

~|_ Sine | -D. Cosine | D. | Tang. D. | Cotang. | | 

0 |8-718800 | 40-06 | 9-999404. +11] 8-719396| 40-17 |11-280604' 60 | 

I | 721204 | 39-84 999398] -11} 721806} 39-95 278194 59 | 

2 | 723595 | 39:62 999391 *II| 724204) 39-74 275796 58 | 

3 |. 725972 | 39-41 999384) -11 726588] 39-52 DTG Ata OF) 

4 | 728337 | 39-1 999378) -11 728959| 39-30 271041 56 

5 : 730688 | 38-98 | 999371) -11| ~ 731317] 39-09 268683 55 

6 . 733027 | 38-77 999364, +12) 733663) 38-89 266337 54 

ase ONS 04 | aGOnO7 999357} +12) 735996; 38-68 264004 53 

8 | 737667 | 38-36 999350] -12) 738317] 38-48 261683 52 | 
9 | 739969 | 38-16 ; 999343) -12|- 740626] 38-27} 259374) 51 
10 | 742259 |_ 37-96 999336! -12} 742922} 38-07 257078) 5o 
| x1 8-744536 | 37-76 | 9-999329) -12| 8-745207| 37-87 |11-254793) 4 
| 12 | 746802 | 37-56 999322| +12) 747479) 37-68 252521! 4 
13 | 749055 | 37-37 999319) -12; 749740) 37-49 250260} 47 
14 | 7512g7 | 37-17 999308; -12} 751989} 37-29 248011} 46 
19 | 793528 | 36-98 g99301| +12} 754227! 37-10 245773, 45 
16 | 755747 | 36-79 999294| -12] 756453) 36-92 243547) 44 
I 757955 | 36-61 eae386 +12} 758668} 36-73 241332) 43 
I 760151 36-42 999279) -12| 760872] 36-55 239128) 42 
19 | 762337 | 36-24 999272) +12) 763065) 36-36 236935) 41 
20 | 764511 | 36-06 | 999265) -12| 765246} 36-18 234754 40 
at |8-766675 | 35-88 | 9-999257| -12| 8-767417| 36-00 |11-232583! 3 
22 | 768828 | 35-70 | 999250 -13) 769578) 35-83 230422 3 
23 }» 770970 | 35-53 999242, +33) 771727) 35-65 228973) 37 
24 | 773101 j 35-35 999235 -13) 773866) 35-48 226134) 36 
25 | 775223 | 35-18 | 999227) -13! 775995] 35-31 | 224005] 35 
26 777333 35-o1 999220 +13) 778114) 35-14 221886) 34 
27 | 779434 | 34-84 999212) -13) 780222] 34-97 219778) 33 
28 | 781524 | 34-67 999209) -13, 782320} 34-80 217680) 32 
29 | 783605 | 34-51 999197, +13} 784408] 34-64 215592) 31 
30 | 785675 | 34-31 999189) -13] _ 786486] 34-47 213514] 30 
| 31 |8-787736 | 34-18 | 9-g99181| +13) 8-788554) 34-31 j11-211446) 2 
32 | 789787 | 34-02 999174 -13| 790613) 34-15 209387} 2 
33 198525 33 -86 999166 +13} 792662) 33-99 207338) 27 
34 | 793859 | 33-70 | 999158 -13) 794701] 33-83 205299 26 
35. | 795881 | 33-54 999150 +13) 796731; 33-68 203269 25 
36 | 797894 | 33-39 999142 -13] 798752} 33-52 201248 24 
37 409397 33-23 999134 +13} 800763} 33-37 199237 23 
38 01892 | 33-08 999126 -13} 802765} 33-22 197235 22 
39 | 803876 | 32-93 999118} +13) 804758) 33-07 199242 21 
40 |. 805852 | 32-78 999110) -13) 806742) 32-92 193258, 20 
41 |8-807819 | 32-63 | 9-999102) -13) 8-808717| 32-78 /(1-191283) 1 
42 | 809777 | 32-49 999094, -14) 810683) 32-62 189317, 1 
43 | 811726 | 32-34 Bec066 -14| 812641] 32°48 187359 17 
44 | 813667 | 32-1 999077| -14] 814589] 32-33 185411| 16 
45 | 815599 | 32-0 999069] +14) 816529) 32-1 183471| 15 
46 | 817522 | 31-91 999061| -14). 818461) 32-0 181539] 14 
| 4 819436 | 31-77 999053) +14) 820384) 31-91 | 179610 13 
+ 4 821343 | 31-63 999044 -14| 822298) 31-77 177702; 12 
| 49 823240 | 31-4 999036) -14| 824205) 31-63 179795) 11 
1 50 -| 825130 | 31-3 999027| -14| _ 826103} 31-50 £7389] 10 
| 51 |8-827011 | 31-22 | g-ggg019| -14| 8-827992| 31-36 j11-172008. g 

52 | 828884] 31-08 |  gggo10! «14; 829874} 31-23 170126, 

53 830749 | 30-95 999002| -14) 831748) 31-10 168252 7 
54 | 832607 | 30-82 998993) -14) 833613] 30-96 166387 6 
55 | 834456 | 30-69 e884 «14|° 835471} 30-83 164529| 5 
56 | 836297 | 30-56 998976] -14; 837321) 30-70 162679) 4 
57 | 838130 | 30-43 | 998967| -15| 839163) 30-57 160864) 3 
5 839956 | 30-30 998958, +15 epee 30-45 159002} 2 
59 841774 30-17 998050, +15) - 842825) 30-32 157175| 1 
60 | 843585 | 30-00 | 998941] +15) 844644, 30-19 |__ 159356) 0 

|! Cosine |_D | Sine [8601 Cotang. | D. |_ Tang. 1M | 


22 (4 pe@rzes.) A TABLE CF LOGARITHMIC 

fM.| Sine | D. | Cosine | D. |_ Tang. D. | Cotang. 
o |8-843585 30-05 |,9-998941| «15 8-844644) 30-19 11-155356, 60 
1 | 845387 | 998932) +15}. 846455) 30-07 153545 =) 
2| 847183 998923| -15} ~ 848260} 29-99 151740| 5 
3 | 848971 998914] -15| 850057! 29-82 149943) 57 
4 850751 998905} +15 851846] 29-70 148154} 56° 
Do 859925 998 re +15} 853628) 29-58 146372) 55 
6 | 854291 998887] +15} 855403) 29-46 144597| 54 

856049 998878] -15| 857171} 29-35 se 53 

§ 857801 998869] +15} 858932) 29-23 14T068} 52 
9g | 859546 998860] +15] 860686} 29-11 139314] 51 
io | 861283 998851} -15) 862433] 29-00 137567} 50 
11 |8-863014 -998841| +15 8-864173) 28-88 \11-135827, 4 
12 | 864738 998832| +15} 865906) 28-7 134094) 4 
13 | 866455 998823) -16| 867632) 28-6 132368) 47 

| 14 | 868165 998813] +16] 869351} 28-54 130649| 46 
15 | 869868 998804} -16) — 871064) 28-43 128936} 45 
16°} 871565 998795| -16) 872770! 28-32 127230) 44 
Fj) 2873200: 998785) +16, 874469) 28-21 125531} 43 
18 | 874938 998776| -16; 876162; 28-11 123838) 42 
19 | 876615 998766| -16; 877849; 28-00 122151| 41 
20 | 878285 998757| +16; 879529! 27-89 120471} 4o 
21 |8-879949 *998747| +16) 8-881202| 27-79 11 118798! 39 
22 | 881607 998738] +16) 882869! 27-6 117131; 38 
23 | 883258 . 998728] -16| 884530; 27-58 115470! 37 
24 | 884903 998718] +16, 886185) 27-47 113815) 36 
25 | 886542 998708] -16) 887833) 27-37 112167) 35 
26 |. 888174 Leer +16} 889476) _ 27-27 110524! 34 
27 | 889801 998689] +16; S8o1112| 27-17 108888) 33 
28 | 891421 998679] -16|. 892742] 27-07 107258} 32 
29 | 893035 998669] +17; 894366} 26-97 109634} 31 
30 | 894643 998659] +17} _ 895984) 26-87 104016| 30 
31 |8-896246 998649} -17| 8+897596| 26-77 |11-102404| 2 
32 | 897842 998639} +17; 899203) 26-67 100797| 2 
33 | 899432 998629} 17)  go00803} 26-58 099197| 27 
34 | gor1o17 998619} +17) 902398} 26-48 097602) 26 
35 | 902596 998609) -17| 903987} 26-38 og6013| 25 
36 | 904169 998599] +17} 905570] 26-29 094430] 24 

|-3 905736 998589] +17] 907147| 26-20 092853} 23 
3 907297 998578) +17) 908719] 26-10 091281} 22 
39 | 908853 998568) -17 erue86 26-01 089715} 21 
40 | g10404 998558) +17} _ 911846) 25-92 o89154 20 
41 Prono e 998548] -17) 8-913401| 25-83 |11-086599| 1 
42 | 91348 998537] +17} 914951} 25-74 085049) 1 
43 | 915022 998527} -17) 916495} 25-65 083508 1 
44 | 916550 998516] +18 918034 25-56 081966] 16 | 
45 | 918073 998506] +18} 919568) 25-47 080432) 15 
46 | 919591 998495) +18} g21096| 25-38 078904| 14 
4] | 921103 998485! +18; 922619} 25-30 077381) 13 
48 | 922610 998474) +18) 924136) 25-21 075864| 12 
49 | 924112 998464) +18) 925649] 25-12 074351| 11 
50 | 925609 998453] +18, — 927156) 25-03 072844| 10 
51 |8+927100 998442) +18) 8-928658| 24-95 |11-071342 

52} 928587 998431| -18) 930155} 24-86 069845 8 
53 | g300€38 998421} +18; 931647] 24-78 068353 
54) 931544 998410) -18} 933134; 24-70 066866 fi 
55 | 933015 pate *18] 934616) 24-61 065384] 5 
56 | 934481 998388) +18) 936093} 24-53 063907] 4 
5 cae 998377| +18 937565} 24-45 062434 3 
5 934 8 998366] +18} 939032) 24-37 060968] 2 
59 | 938850 998355) -18 94044 24-30 059506] 4 

60 | 940296 998344) +18} 941952} 24-21 058048 

{|__| Cosine Sine |859°! Cotang, | De 


Oo 
Tang. | M. 


SCA AOR Wn 


T 


SINES AND TANGENTS. (5 DEGREES.) 23 
Sine |“ D. osine | D.| Tang. |  D. | Cotang. [ } 
0 '8 . 24-03 | 9-998344) +19! 8-941952) 24-21 11-058048' 60 
941738 | 23-94 | 998333] -19/ 943404! 24-13 | 056596! 5g | 
943174 | 23-87 998322} +19} 944852 24-05 055148) 58 | 
944606 | 23-79 998311] +19, 946295, 23-97 053705} 57 
946034 | 23-71 998300] -19! 947734 23-90 052266; 56 
947456 | 23-63 998289| -19! 949168 23-82 050832) 55 
948874 | 23-55 998277| +19} 950597) 23-7 049403} 54 
g50287 | 23-48 998266) +19! 952021; 23-66 047979] 53 
951696 | 23-40 | 998255] -19' 953441! 23-60 046559} 52 
933100 | 23-32 998243! +19 94856, 23-51 045144| 51 
994499 | 23-25 998232} -19° 956267, 23-44 043733) 5o 
|8.g95894 23-17 9°998220, 1g, 8+957674 23-37 11°042596| 4 
957284 | 23-10 998209} -19, 959075 23-29 040925} 4 
958670 | 23-02 998197] *19' 960473 23-23 | 039927} 47 
g60052 | 22-95 998186] -19° 961866 23-14 035134) 46 
961429 | 22-88. 998174) -19| 963255! 23-07 |; 036745} 45 
962801 | 22-80 998163} +19 964639 23-00 | 035361) 44 
gO417c |. 22-73 998151] +19) 966019, 22-93 033981) 43 
965534 | 22-66 998139] +20} 967394) 22-86 032606] 42 
966893 | 22-59 998128) +20, 968766} 22-79 031234) 41 
968249 | 22-52 998116} -20, 970133) 22-71 029867) 40 
'8-969600 | 22-44 | 9.998104) +20) 8-a71496! 22-65 11-028504) 39 
970947 | 22-38 998092} +20) 972855) 22-57 027145} 38 
972289 | 22-31 998080} +20) 974209} 22-51 025791) 37 
973628 | 22-24 998068] +20) 975560) 22-44 024440, 36 
974962 | 22-17 998056} +20 976906| 22-37 023094) 35 
g76293.| 22-10 998044) +20) 978248) 22-30 021752) 34 | 
977619 | 22-03 998032} +20 979586) 22-23 02041 4| 33 
978941 | 21-97 998020! +20 =g80g21| 22-17 019079} 32 
| 980259 | 21-90 998008) -20' 982251) 22-10 017749] 31 
| 981573 | 21-83 997996| +20. 983577] 22-04 016423) 30 
8-982883 | 21-77 | 9-997985| +20, 8-984899| 21-97 11-015101| 29 : 
984189 | 21-70 997972| *20) 986217] 21-91 013783, 2 
985491 | 21-63 997999] +20} 987532) 21-84 012468) 27 
vedi 21-57 997947) °20| 988842) 21-78 011158} 26 
98808 21-50 997939, +21} 990149] 21-71 009851} 25 
989374 | 21-44 997922| *21| 991451} 21-65 ee 24 
990660 | 21-38 997910} +21} 992750) 21-5 007250} 23 
991943 | 21-31 997897| :21) 994045) 21-52 005955} 22 
993222 | 21-25 357885 *21| 995337} 21-46 004663) 21 
994497 | 21-19 997872; +21) 996624; 21-40 | 003376; 20 
'8-995768 | 21-12 | 9-997860, +21 8997908] 21-34 11-092092| 19 
997036 | 21-06 997847, -2t, 999188) 21-27 | 000812) 18 
998299 | 21-00 997835, +21. g-000465| 21-21 10-999535, 17 
999560 | 20-94 997822| +21) 001738) 21-15 998262) 16 
'g-000816 | 20-87 997809] +21) 003007} 21-09 996993) 15 
00206: 20-82 997791 *21/ 004272} 21-03 995728) 14 
00331 20-76 997784| +21) 005534) 20-97 994466; 13 
004563 | 20-70 997771; :21| 006792} 20-91 993208; 12 
005805 | 20-64 997798) -21 ae 20-85 991953, 11 
007044 | 20-58. 997745| «21; 009298] 20-80 990702) 10 
g-008278 | 20-52 | g+997732! +21, g-010546| 20-74 10-g59454 9 
009510 | 20-46 997719| °21, a11790} 20-68 983210 
010737 | 20-40 9977060 +21 013031) 20-62 986969) 7 
OlIgo2 | 20°34 997738 +22! 014268] 20-56 985732} 6 
013182 20-2 997680) +22 01550z, 20-51 984498} 5 
014400 | 20-2 997667) +22) 016732) 20-45 983268! 4 
015613 | 20-17 997654! +22! 17959 20-40 | 2041, 3 
016824 | 20-12 997641; +22) 019183) 20-33 g808171° 2 
018031 | 20-06 | 997628: -22! 020403) 20-28 | 979597! 1 
019235 ; 20-00 997614i +22) 021620} 20-23} 978380! o 
Cosine | D De 4 Tang, <M 


Sine 184°) Cotang. 


24 (6 DEGREES.) A TABLE OF LOGARITHMIC 
M.| Sine D. | Cosine | D. | Tang. Dee Cotang. | 
© 9:019235 | 20-00 -997614| -22| 9-021620| 20-23 |10-978380) 60 
1) eae 19-95 3 le -22| © 022834] 20-17. | 977166) 5 
2 | 021632 | 19-89 997588] +22) 024044) 20-11 979956) 5 
3 | 022825 | 19-84 9975741 +22} 025251) 20-06 974749| 57 
4 | 024016 ; 19-78 997561) +22} 026455) 20-00 973945, 55 
5 ' 025203 | 19-73 997547| +22) 027655) 19-95 972345, 55 
6 026386 | 19-67 997934) +23) 028852) 19-90 971148; 54 
7 | 027567 | 19-62 997520] +23} 030046, 19-55 96¢954' 53 
8 | 028744 | 19:57 997507} -23| 031237) 19-79 968963) 52 
g | 029918 | 19-51 997493] +23) 032425) 19-74 967575} Az 
10 | 031089 | 19-47 997480] +23] 033609} 19-69 966391} 50 
II |9-032257 | 19-41 | 9-997466| +23] 9-034791] 19-64 |10-+965209) 4 
12 | 033421 | 19°36 997452} +23! 035969] 19-58 964031} 4! 
13 | 034582.) 19-30 997439! +23) 037144) 19-53 962856) 47 
14 | 035741 | > 19-25 997420| -23! 038316) 19-48 961684! 46 
15 | 036896 | 19-20 997411! +23) 039485} 19-43 960515} 45 
16 | 038048 | 19-15 997397] +23] 040651] ~ 19-38 satin 44 
17 | 039197 | 19-10 997383; +23; 041813} 19-33 958187; 43 
18 | 040342 19:09 997369] +23) 042973) 19-28 g57027| 42 
Ig | 041485 | 18-99 997359} +23} 044130] 19-23 955870} 41 
20 | 042625 | 18-94 997341) +23) 045284] 19-18 954716: 40 
21 |9-043762 18-89 9°997327| +24} 9-046434| 19-13 |10-953566, 3 
22 | 044895 | 18-84 997313! +24) 047582} 19-08 952418) 3 
23 | 046026 | 18-7 697299] -24|  048727| 19-03 951273! 37 
24 | 047154 | 18-7 99388 +24] 049869} 18-98 950131} 36 
25 | 048279 | 18-70 997271| +24] 051008; 18-93 948992 35: | 
26 | 049400 | 18-65 997297| +24) 052144} 18-89 947856! 34 
2 05051 18-60 997242| +24; 053277} 18-84 946723, 33 
2 05163 18-55 997228] +24) 054407} 18-79 945593) 32 
29 | 052749 | 18-50 997214] +24] 055535} 18-74 944465} 31 
30 | 053859 | 18-45 997799 +24, 056659] 18-70 943341} 30 
31 |g-054966 | 18-41 | 9-997185| +24) 9-057781| 18-65 \10-942219| 2 
32 | 056071 | 18-36 997170| +24} 058900) 18- 
33] 057172 | 18-31 997196] +24]  ob60016 : 
34 | 068271 | 18-27 997141| +24) ob61130 : 
35} 059367 | 18-22 997127| °24| 062240 
36} 060460 | 18-17 997112}. +24) 063348 
3 061551 | 18-13 997098 +24) 064453 | 
3 062639 | 18-08 997083) +25} 065556 
39 | 063724 | 18-04 997968} +25} 066655 
40 064806 17°99 99753] - 25 067752 
41 |9-065885 | 17-94 | 9+997039} +25) 9-068846 
42 066962 17-90 997024) +25 069938 
43 | 068036 | 17-86 67009] +25} 071027 
| 44 oie] 17°81 g96994| +25} 072113 
49 | 070176 | 17-77 996979 *25/ 073197 
46 | 071242 | 17-72 g96964| +25} 074278 
4 072306 | 17-68 696049! +25} 075356 
4 073366 | 17-63 596934) +25} 076432 
49 | 074424 | 17-5 696919} +25] 077505 : 
So | 075480 | 17-5 6996904 +25] 078576 ! 
51 |9-076533 | 17-50 | 9-a96889) +25) g+079644 
+ 52} 077583 | 17-46 996874) +25} — o80710 
| 53 | 078631 | 17-42 996858) -25) 081773 7 
54 ere 17:38 996843) +25 082403 
55 | o80719 | 17-33 996828) +25] 083891 
56 | 081759 | 17-2 996812} +26) 084947 
57 mee 17°2 990791 +26! 086000! 
58 | 083832 | 17-21 996782! -26' 087050; 
5g | 084864 | 17-1 996766) +26) 088098 
60 | 085894 | 17-1 996751| +26. 089144 
Cosine | D. | Sine 'gg°) Cotang. | 4 


> 


ral 


2 
SINHS AND TANGENTS. (7 DEGREES.) = 
i Cosine | D.| Tang. D. Cotang. ' 
ioe vl 51| +26] g-089144| 17-38 10-910856| 60 
0 |9:085894 | 17-13 | G99 a9 pas. aro8t3) 8 
1 I 086922 17-09 99673 26 091228 17-30 908772 : 
Se ee ne lie +26) 092266; 17-27 907734 5 
: Sele ieee 99688 +26 093302) 17-22 oe ee 
4 | 089990 | 16-9 Bha3 | aa6 S436 A get ; Sg) 5 
eee Soka 3665 *26) 095367] 17-1 904633 
: 03605) 53 
ee. 3966 +26} 096395) 17-11 9 : 
86 erat 17:07 | 902578) 5a 
Bead 16.84 6625) +26) 097422! 17 oes 
0940 16-80 99) ¢ cae 
oso va ces ase one ioe 900532! 5o 
= 096062 | 16-73 eee -27| g-100487! 16-95 10849513, 4 
11 |9+097065 | 16-68 | 9-99657 ro 9 Silane Gan 895496 4 
12 | 098066 | 16-65 Les ou 102519, 16-87 oe 4] 
13 | 099065 | 16-61 ee =u 103539 1S ae a 
14 100062 16-57 9 6514] +27 104542} 16-80 ae 
01056 16-53 99 : ea eee a 
t toro eae pas SE 106556 ebay? en os 
17 | 103037 | 16-4 6465] +27! 107559} 1 ee 
18 104025 16-41 aa +27, 108560) 16-65 9 . 
: ay see 55 16-61 890441 
19 1ODJ010 i 6433| +27 109559 bast oe be 
2 16-34 9904 Pole rae hee| «26 58 leo 446 
aT piebee \~ 1630 CO Ae ee 449 3 
ri? 107991 | 16-27 | 996400 a 112543) 16-50 | 887457 3) 
5 oe 990368 r 113533) aes ae a 
73 ee acea5 521] 16-4 
5 1 ies Peon ee 16:39 884493 | 34 
26 ace ae ae a 116491| 16-36 883509) 32 
; 112809 | 16-08 99631 a Evin eevee B82 a 
s eee 9905835 a8 118452] 16-2 ae 30 
relee Ne ae bas 119429} 16-2 Beooae : 
30 pe a9) | ae ns g-120404/ 16-22 tes 2 
| 3 Be ee | eae 8 121377| 16-18 87 ee : 
BP ame] ee eee Sa ey Bee: 
a 13.83 +s 12331 16-1 
z 11968 18 80 996785 3 124284 16-07 ed 2” 
7 A ean Ae 28 125249, 16-04 arate 23 
2 | eee es a +23 126211} 16-01 87378 a) 
Pie rey +28/ 127172} 15-97 ae 870| 21 
ia eee 28} 128130) 15-94 re 3 20 
7 pee ape ae 28 129087] 15-91 Boe, I 
3 nee Te ae ; g:130041| 15-87 |10 ae I 
ar Ease ee oe ee 130994 195-84 oe 356 17 
a | ee ae sae ied 131944) 15-81 a a 16 
eee ed eas) ls 
8) oi | 88) geal eb a] whe & 
45 129854 pe 995998 +29) 1347 4 ae 864974 a 
46 | 130781 15.3 pasobo +29) ae ae ane 
47 | 131706 15.35 995963] +29} 136 I ab Petipa 
48 | 132630 2 995946| -29) 13760 Bah ea 
; 38542] 1 4 
49 Sie eG 995928) +29 a eal 13.55 |10-860524 
50 | 15-2 9°995911| +29 9 Léeibe oi 89 Sot 
34 . 13630 15-22 pres ie 141340 de oe} 
See be iia a ete On Se ie leas 850804 5 
ae Seat coe 31 15-42 y 
55 | 139037 | 1 = Be ieee, 72) et SOR ica 
eee as 144121| 15-39 3 
AP ee eee 
5 140850 | 1 we 95788] +29) 145 Fay B531r8| 1 
5 141754 | 15-0. 9 Baas 146885 29 uD, 
5-00 99977 9 aah wee 0 
co 148333 196 Bec ia aed D..| ‘Tang. | M 
aa ~ Gosine D Sine 182°) Cotang. | Pcie : 
Ori.) J, ; ft. 


(8 DEGREES.) A TABLE OF LOGARITHMIC 


26 
(M.; Sine Dis ; 
£: ° Cosine ~ 
Serer var — = | Tang. D. } Cotang. T 
’ 144453 | 14-93 9 992135 -30, 9+147803} 15-26 |10-8521 
Be aig | i460 995735] +30] 148718] 15-23 851289 
3! 146243 | 14-87 oe: -30} 149632) 15-20 850368 
i tas | lgsl| eam) aed) er | Bae 
148026 | 14-81 5664) « 191454) 15-14 | 848946 
6 | 148915 | 14-98 gh aiid eae me: 3 
1 5646| -30| 15 tlt See) 
7 149802 14-75 99 153269) 15-08 84673 
8 | 150686] 14 995628] +30) 154174) 15-05 “Sbob 
= 72 5610} +30 g 845826 
9 151569 14-69 9920 155077} 15-02 844923 
io 152451 14:66 | 995591) +30) 155978) 14-99 fa 
11 |9-153330 14-63 | 995573} +30 156849 14:06 rae 
ca IG see east 
1550) . = I I Ae 4 
eel ein, pee OC ee ee 
18 \rrseh3o | 745 | eee mee 31] 160457] 14-84 | 8395 3 
- es 14-48 Abd = aed 14-81 838633 
1585 or D404] 1622< ne 
18 159433 ee Ag es ae ee 14-76 Been 
19} 160301 | 14-39 cOpdiaeel ne ol ele B35 . 
20 161164 | 14-36 op o4ctaes 164892| 14-70 835208 - 
a1 \9+162025 38 995399] +31 165774| 14-67 Bake At 
22 | 162885 | 14-30 ete BER erg ae es 10-834346F 49 
5 163943 a y -31) 167532 <6 yA 
23 | 16356 | diay | So388d) “day Glog! 4-58 | Shr| 3 
sess hin ee ee ae B3er26| 36 
26 | 166307 | 14-19 | 995297) +31) 170157) 14-53] 8 ou 33 
| 27 | 16715 14-16 | at "31} 171029) 14-50 82 ey: 
28 | 16800 rae) ones 31 171899) 14-47 nee 34 
2 ee 14-10 Lae es a 14°44 827233 30 
169702 | 414: : i 173034) 14: - 
br 9170347 aa any cS Seek 14.39 BaSbor 30 
171 : 5184) +32) 9+175362) 14. 

. 33 et ae 995105 -32| Peasy hes eee) 2 
34 | 4943070 13.08 995146] +32; 177084) 14-31 peeTTe 2 
35 | 173908 | 13-94 995127] +32} 177942; 14-28 ertot) 27 
36 194944 | 13 : 995108) -32 178799 gncas p22085) 26 
a cPaneoas | ra.be Uiceeey oe ee ees eae 
3 176411 13-86 995070} -32 180508. 14+20 Dae aa 
39 | 177242 | 13-83 ee +32) 181360, 14-17 Ze ro tes 
40 | 178072 | 13-80 995032} +32 182211) 14-15 2 eee 
41 |9*178900 | 13-77 g96013) 32) = 183059" = r4-F2 mole 
42 | 199726 | 13-74 9°994993] +32) g-183907| 14-09 |10 Bbsesh ie 
43 | 180951 | 13-72 994974) +32) 184752 ae ae 
44 | 181374 oe 994999| +32) 185997, sos ae) 
45 | 182196 13.66 994939] +32 186439 14-02 Hoes 
46 | 183016 | 13-64 994916) -33) 187280) 13. Bigot} 18 
4 183834 | 13.6 994 96} -33 TBSTa ee 812720] 15 
48 | 184651 | 13-59 994877] +33) 188958 Swale Seals 
4g | 185466 | 13.56! 022838 ge ligiecate. 13-91 ines = 

} 50 | 186280 | 13.53 eon 8) +33]. 190629 3.8 Sie ae 

{ $1 |g-18y9092 | 13-51 he a +33) 191462 13.88 Bo ee) 
52 187903 13-48 9 99279 +33) g*192294| 13-84 |10 80 538) 10 
Reidy etait tye. Coed Ba he ee Sa Be eee ae 
54 | 189519 | 13-43 La ae eee es ae 
55 | 190325 | 13-41 994799] +33) 194780 13.76 eel g 
55 | 191130 | 13-38 994719) +33) 195606| 13-74 oie 
: 191933 | 13-36 eke +33} 196430} 13-71 ee 5 
: | 192734 | 13-33 2 eh +33! 197253! 13-69 Pee 

GU resasL le 3-30 OeeeuBEe *33/ 198074 13-66 ele ia 
60 | 194 994640] +33 one 
80 |__ 194332 |_ 13-28 994620] -33 198894 13-64 801106 : 
OS loCosine (lie Da, Wieeinea pbb feme Side 8 
“TGosine | D. (Sine 1819) Cotan “bo 00287| o 


SINES AND TANGENTS. (9 DEGREES.) 2 
oe Sins D. [ Cosine | D. |~ Tang. Dee Cotang, i 
i) 


edi 


194332 | 13-28 | 9-994620| +33! 9-199713) 13-61 | 0-800287| 60 
: ae 13-26 Z oe +33} 200529} 13-59 7199471) 59 
19592 13-23 994580} +33! 201345] 13-56 798655! 58 
196719 | 13-21 994560] +34) 202159! 13-54 71978 41| 57 
19751t | 13-18 994540) +34) 202971) 13-52 797¢ 29! 56 
198302 | 13-16 994519} +34) 203782) 13-49 796118) 55 
199091 | 13:13 994499| *34) 204592) 13-47 795408) 54 
199879 | 13-11 994479; +34) 205400} 13-45 794600, 53 
20c666 | 13-08 994459] +34! Sea 13-42 793793 52 
201451 13-06 394438 +34) 20701 13-40 792957| 51 
Io | 202234 | 13-04 994418} +34)  207817| 13-38 792183| 5o 
II jg 203017 | 13-01 | g-994397| +34, g:208619' 13-35 |10-791381| 49 
12 | 203797 | 12-99 994377| +34 209420; 13-33 790580} 43 
13°] 204577 12-96 994357| -34| 210220) 13-31 789780 4] 
14 | 205354 | 12°94 994336) +34) 211018, 13-28 788982) 46 
15 |. 206131 | 12-92 994316} +34) 211815) 13-26 788185) 45 
16 | 206906 | 12-89 994295| +34] 212611) 13-24 187389] 44 
I7 | 207679 | 12-87 994274) -35) 213405, 13-21 785599) 43 
18 | 208452 | 12-85 994254} +35 eee 13-19 785802} 42 
Ig 209222 12-82 994233} +35 214g89] 13-17 785011} 41 
20 | 209992 | 12-80 994212] +35) 215780) 13-15 784220] 40 
21 |g-210760 | 12-78 | 9-994191| -35| g-216968! 13-12 |10-783432! 39 
22 211526 12-75 994171! -35 217356) 13-19 782644) 38 
23 | 212291 | 12-73 994150] +35) 218142) 13-c3 481858) 37 
24 | 213095 | 12-71 994129] -35} 218926) 13-c5 781074| 36 
25 | 213818 | 12-68 994108} -35} 219710) 13-03 780290] 35 
26 | 21457 12-66 994087] -35! 220492} 13-1 779508} 34 
2 21533 12-64 994066] -35 221272| 12-c9 778728 33 
2 216097 | 12-61 994045] +35] 222002) 12-57 7177948| 32 
29 | 216854 |. 12-59 994024} +35) 222830) 12-94 777179) 31 
3o | 217609 | 12-57 994003] -35) 223606) 12-52 7716394} 30 
31 |9-218363 | 12-55 | 9-993981| -35) 9-224382),. 12-30 |10-775618! 2 
32 | 219116 | 12-53 993960; -35| 225156) 12-88 774844] 2 
33 | 219868 | 12-50 993939] #35) 225929] 12 86 774071! 2 
34 | 220618 | 12-48 993918] +35] 226700) 12 84 773300] 2 
35 | 221367 | 12-46 363696 +36] 227471) 12 81 772529} 25 
36 | 222115 | 12:44 993875] -36) 228239] 12-79 771761 24 
3 222861 | 12-42 993854} -36] 229007} 12-7 770993) 23. 
3 223606 | 12-39 993832] -36, 229773} 11-7 79227} 22 | 
39 | -224349 | 12-37 993811} -36, 230939) 14-73 loees aq 
40 | 225092 | 12-35 993789| +36) 231302) 12-71 7168698) 20 
41 jg-225833 | 12-33 | g-993768} +36] 9-232065| 12-69 |10-767935) 1 
42"| 296573 | 12-31 993746] -36| 232826) 12-6 767174\ 1 
43 | 227311 12-28 993725] -36| 233586) 12-6 7660414) 17 
44 228048 12-26 993703] :36 234345] 12-62 765655} 16 
45 | 228784 | 12-24 993681| +36) 235103) 32-60 764897| 15 
46 | 229518 | 12-22 993660] +36) 235859) 12-58 764141 14 
4] | 230252 | 12-20 993638] -36) 236614) ,2-56% 763386) 13 
48 | 230984 | 12-18 993616] -36) 237368) 12-54 762632) 12 
49 | 231714 | 12-16 993594} -37| 238120) 12-52 761880) 11 
5o | 232444 |. 12-14 993572] -37| 238872) 12-50 761128} 10 | 
1 
! 
| 
! 
| 


Ww oon ONCE Ce 


Ne) 


51 |g+233172 | 12-12 | 9-993550| -37| g-239622) 12-48 ,10-760378 

52 ? 23389 12-09 a8 +37; 240371] 12-46 a2 3 
Des 23402 12-07 993506] +37) 241118) 12-44 758882 
54 | 23534 12-09 993484) -37} 241865) 12-42 758135 


oO 


55} 2360 12-03 3462] -37| 242610] 12-40 797390} 5 
336705 12-01 363440 +37; 243354] 12-38 756640} 4 
237515 | 11-99 993418] +37] 244097] 12°36 755903) 3 

5 238235 | 11-9 993396} -37] 244839) 12-34 790161) 2 

S89 | 238953 | 11-9 993374] +37! 245579] 12-32 794421 | 

M. 


60 | 239670 | 11-93 | 993251| +37] 246319} 12-30 | 753681 


Cosine D. Sine 80°] Cotang. | D. t ‘Tang. I 


aS SS Se = ae 


Pell (10 DEGREES.) A TABL 


E OF LOGARITHMIC 


. Sine D. Cosine | D.| Tang. iB peas Cotang. | i 
© |9-239670 | 11-93 | 9-993351) +37] g-246319|- 12-30 |10- “753681 60 
I 240386 | 11-91 993329 +37 247057 12-28 752943 ue 
2 | 241101 | 11-89 993307) +37| 247794] 12-26 752206 5€ 
3 | 241814 | 11-87 993285] -37| 248530] 12-24 751470) 57 
4 | 242526 | 11-85 993262; +37] 249264) 12-22 750736, 56 
5 | 243237 | 11-83 993240} °3 240998 12-20 750002, 55 
6 | 243947 | 11-81 993217| °3 250730} 12-18 749270 54 
5 244056 | 11-79 993195) °38) 251461] 12-17 748539) 53 
245363 | 1E-77 993172) °38) 252191) 12-15 747809, 52 
9 1606 11-75 993149] +38) 252920} 12-13 747080 51 
{0 46745 11-73 993127} *38) 253648) 12-11 746352) 50 
| 21 |g-247478 | 11-71 | 9+993104| +38) 9-254374} 12-09 |10-745626| 4 
12 | 248181 | 11-69 993081} +38) ~ 255100) 12-07 744900! 4 
13 | 248883 | 11-67 993059} -38) 255824! 12 05 744176 47 
249583 11-65 993036] +38) 256547 12-03 743453. 45 
250282 | 11-63 993013} +38) 257269} 12-01 742731) 45 
250980 "11-61 992990] *38) 257990; 12-00 742010] 44 
real Wee gawd 992907; °38) 258710] 11-98 741290! 43 | 

25237 11-5 992044| +38) 259429). 11-96 740571} 42 
253067 | 11-56 992921| *38) 960146) 11-94 Lee 4) 
253761 | 11-54 992898 +38) 260863] 11-92 ps) 40 
9-254453 | 11-52 | 9-992875| +38) 9.261578} 11-90 |10-738422' 39 
255144 | 11 5o 992852] +38] ~ 262292] 11-89 737708} 38 
255834 ; 11-48 992829} *39! 263005} 11-87 736995) 37 
256523 | 11-46 992806} +39] 263717) 11-89 536283, 36 
257211 | 11-44 02783 39) 264428] 11-83 735572) 35 
257898 | 11-42 992759) +39) 265138}. 11-81 734862| 34 
258583 | 11-41 | 992736) +39] 265847) 311-7 734153) 33 
259268 | 11-39 992713] +39; 266555! 11-7 733445) 32 
259951 | 11-37 992690! *39] 267261) 11-76 732739 31 
260633 | 11-35 992666} +39! 267967) 11-74 732033) 30 
9261314 | 11-33 | +992643) +39) g-268671] 11-72 |10-731329) 2 
261994 | 11-31 992619] +39] 269375] 11-70 730625! 2 
ae 11-30 992596] +39] 270077] 11-69 729923} 27 
2633 11-28 992572} °39) 270779 11-67 729221| 26 
264027 | 11-26 992549 +39} 271479) 11-65 728521) 25 
264703 | 11-24 992525) +39) 272178] 11-64 727822) 24 
265377 | 11-22 Essa +39} 272876) 11-62 727124) 23 
266051 | 11+20 992478) +40} 273573) 11-60 720427| 22 
266723 | 11-19 992494} *40) 274269] . 11-58 725731| 21 
267395 | 11-17 992480) +40; 974964) 11-57 725036| 20 
g:268065 | 11-15 | 9-992406| +49) 9.275658) 11-59 10-724342) I 
268734 | 11-13 992382) -40} 276351) 11-53 723649| 1 
269402 | 11-11 992359} °49} 277043} 11-51 722997) 17 
270069 | I1+I0 992335} +40 at! 11-50 722266) 16 
27073 11+08 992311] +40| 998424, 11-48 721576) 15 
271400 | 11-06 992287} -40 Pots 11-47 720887) 14 
272064 | 11-05 992263) +40) 279801} 311-45 720199) 13 
2727260 | 11-03 992239] -40}. 280488} 11-43 719512] 12 
273388 | 11-01 992214) *40) 281174) 11-41 718826) 11 
27404 10-9 op i99 *40) 281858; 11-40 718142) 10 

9 pete 10-98 | 9+992166| +40] 9-282549| 11-38 |10-717458 
279367 | 10-96 992142) *40| 283295) 11-36 716775) - 8 

276024 | 10-94 992117} *41} 283907] 11-35 716093 

276681 | 10-92 ae *4t' 984588) 11-33 715412 
| 277337 |, 10-01 992069] +41) 285268) 11-31 714732| 5 
277991 | 10-89 Ganode *4I| 285947) 11-30 714053) 4 
278644 | 10-87 992020} +41 286624 ' 11-28 713376) 03 
27929 10-86 991996| °41 rete 11-26 712699, 2 
59 ots 10:84 goto} Al rate) 11-25 712023) 1 
60, 10-82 | 991947) +41 | 11-23 | 711348: 6 
“lca D. Sine (799) Gaal Pipe), Tang. 3 


SINES AND TANGENTS. (11 DEGreEs.) 2 
; MW] Site SoD. Cosine | D.| Tang. D. Cotang. | 
© [928059 10-82 | 9-991947| -41| 9-288652| 11-23 j10-711348 60 
I 28124! 10-81 991922} +41 289326] 11-22 710674) 5 
2} 281897 | 10-79 991897) +41} 289999} 11-20 710001; 5 
3 | 282544 | 10-7 991873) -41} 290671] 11-18 709329) 57 
4 | 283190 | 10-7 991848) +41) 291342} 11-17 708658) 56 
5 | 283836 | 10-74 | . 991823) -41| 292013} 1-15 707987| 55 
6 | 284480 | 10-72 991799} *41| 292682} I1-14 EE 54 
i 285124 10-71 991774| 42 293350} 11-12 706650; 53 
285766 | 10-69 991749} *42| 294017] 11-11 705983} 52 
9 | 286408 | 10-6 991724) -42} 294684) 11-09 705316} 51 
10} 287048 | 10-6 991699] *42| 295349] 11-07 704651; 5o 
II |5:287687 10°64 | 9-991674| +42 5 sn6a%5 11-06 |10-703987| 4 
ut 268326 | 10-63 991649| +42} 296677] 11-04 703323) 4 
Te 288964 | 10-61 991624] +42 297339] 11-03 702661) 47 
14 | 289600 | _ 10-5 991599] +42} 298001] 11-01 J01999| 46 
13 | 990236 | 10-5 991574| +42] 298662) 11-00 701338 45 
16 | 290870 | 10-56 991549} -42| 299322] 10-98 700678) 44 
I] | 291504 | 10-54 991524] -42|. 299980] 10-96 J00020| 43 
18 = fee 10-53 991498] -42} 300638] 10-95] 699362] 42 
19 | 29276 10-51 991473| °42] 301295] 10-93 698705} 41 
20 | 293399 | 10-50 991448| -42 aS 10-92 698049! 40 
21 ee 10-48 | 9-991422| +42! 9+302607! 10-90 |10-697393) 3 
22 |" 29465 10-46 991397) °42| 303261} 10-89 bob7%0 3 
23 | 295286 | 10-45 991372| -43| 303914) 10-87 696086} 37 
24 | 295913 | 10-43 991346] -43} 304567] 10-86 695433} 36 
29 396839 10+42 991321} +43} 305218) 10-84 694782} 35 
26 | 297164 | 10-40 991295) -43| 305869] 10-83 694131] 34 
27 | 297788 | 10-39 991270) -43| 306519] 10-81 693481} 33 
28 | 298412 | 10-37 991244) -43 307168 10-80 692832| 32 
29 | 299034 | 10-36 991218} -43} 307815) 10-78 692185} 31 
30 | 299655 | 10-34 991193) -43} 308463) 10-77 691537} 30 
31 9.300276 | 10-32. | 9-991167| -43] 9:309109] 10-75 '10-490891| 2 
32 |" 300895 | 10-31 991141) °43} 309754) 10°74 690246 2 
33 | 301514 ; 10-2 991115, +43] 310398] 10-73 689602} 27 
34 | 302132 | 10-2 gg1090; °43| 311042| 10-71 688958} 26 
35 | 302748 | 10-26 | 991004 -43| 311685) 10-70 | 688315) 25 
36 | 303364 | -10-25 | * 991038, +43) . 312327] “10-68 687673} 24 
3 30397 10-23 ggro12, -43| 312967] 10-67 | 687033) 23 
3 304693 10-22 990986 +43} 313608; 10-65 Sos 22 
39 | 305207 | 10-20 990960) -43} 314247] 10-64 685753) 21 
40 305819 10-19 990934! +44 314885} 10-62, 685115} 20 
41 '9-306430 | 10-17 | 9-990908) +44! 9°315523) 10-61 }10-684477) 1 
42 | 307041 | 10-16 990882) +44) 316159} 10-60 683841! 1 
43} 307650 | 10-14 990855, +44 31679 10-538 683205} 17 
44 | 308259 | 10-13 990829) +44) 317430] 10-57 682570] 16 
45 | 308867 10-11 990803; +44) 318064) 10-55 681936] 15 
46 | 309474 | -10-10 990777; °44| 318697} 10-54 681303) 14 
47 | 310080 | 10-08 990750, -44| 319329, 10-53 680671) 13 
4 310685 10-07 990724 +44 ooo! 10-51 680039, 12 
49 | 31128 10-05 990697; +44) . 320592! 10-50 Saya j; 11 
5o | 311893 | 10-04 990671, -44| — 321222| 10-48 678778) 10 
51 'g-312495 | 30-03 | 9-990644 +44) 9-321851| 10-47 10-678149 2 
52 | 313097 | 10-01 990618 +44) 322479! «10-49 677521 
53 | 313698 | 10-00 | gg0591 +44, 323106) 10-44 676894) 
| 54) 314297 9-93 990565 +44) 323733), 10-43 676267 
; 55 | 314897 9°97 990538. +44) 324358, 10-41 675642) 5 
56 | 315495 9-96 990511 +45} 324983; 10-40 675017! 4 
5 ; 316092 9°94 990485 +45) 325607) 10-39 674393} 3 
5 316689 9°93 990458 +45] 326231) 10-37 673769} 2 
59 ' 317284 9°91 990431 +45} 326853; 10-36 673147] 3 
60 | 317879 9990 990404 +45| 327475) 10-35 | 672525] 9 
| Cosine | D. Sine 78°] Cotang. 1D. ot Tang. | M. | 


30 (12 DEGREES.) A TABLE OF LOGARITHMIC 


M.; Sine D. | Cosine { D.; Tang. D. Cotang. 
0 9:31787 -g0 | 9°990404 -45, 93327474] 10-35 )10-672526 
I 318493 9.88 990378. -45 328095} - 10-33 671905 
2 | 319066 | 9-87 990351! +45) 328715) 10-32 671285 
3 | 319658 | 9-86 990324, +45) 329334) 10-30 670666 
4 | 320249 | 9-84 990207, +45 329953} 10-29 670047 
5 320840 9:83 990270! -45; 330570] 10-28 669430 
6 | 321430 | 9-82 990243, +45 331187] 10-26 668813 
i 322019 9-80 990215) -45 331803! 10-25 aet4 
322607 | 9:79 990188) -45} 332418] 10-24 667582 
G¢ | 323194 | 9-77 g90161| +45; 333033) 10-23 666967 
1c 393980 9°76 990134] +45: 333646) 10-21 666354 
WwW 9°324366 9°75 | 9*9Q0107! +46! 9°334259 10-20 19-665741 
12 | 324950 | 9+73 990079) 46, 334871] ‘10-19 66512 : 
13 |. 305534 9°72 990052! +46! 335482) 10-17 664518) 47 
14 326117 9°70 990025 - 46! 336093} 10-16 663907} 46 
19 | 326700 | g-6 ahcog? -46| 336702} 10-15 eerie 45 
16 | 327281 | 9-6 989070] -46| 337311] 10-13 662689) 44 
17 | 327862 | 9-66 989942| +46} 337919] 10:12 662081) 43 
18 | 328442 | 9-65 989915] -46| 338527) 10-11 661473) 42 
; 19 | 329021 | 9-64 989887} -46| 339133] 10-10 660867} 41 
20 | 329599 | 9-62 989860) -46| 339739) 10-08 660261} 40 
21 |9:330176 | 9-61 | 9-989832| +46} 9340344] 10-07 |10-659656) 3 
22 | 330753 | 9-60 989804] -46| 340948) 10-06 659052) 3 
23 | 33132 9:58 989777| -46| 341952} 10-04 658448) 3 
24 | 33190 9:57 989749| +47} 342155) 10-03 657845) 3 
25 | 332478 ; 9-56 989721] +47} 342757] 10-02 657243) 35 
26 | 333051 9°54 989693} +47} 34335 10:00 656642) 34 
27 | 333624 | 9:53 | 989665] -47] 343958] 9-99 | 656042) 33 
28 | 334195 ' 9-52 989637] +47} 344558} 9-9 655442) 32 
29 | 334766 | 9-5o 989609] -47 345157 9°97 654843) 31 
30 | 335337 | 9-4 989582! -47| 345755} 9-96 654245) 30 
31 |9+335906 | 9:4 9:989553} -47| 9:346353} 9-94 |10-653647} 2 
32 | 336475 | 9-46 989525} -47| 34694 9:93 653051| 2 
33 | 337043 | 9-45 989497] -47| 34794 9°92 652455) 27 
34 | 337610 | 9+44 989469} -47| 348141) 9-9 651859) 26 
35 | 338176 | 9:43 989441| +47} 348735} 9-90 651265) 25 
36 | 338742 | 9-41 989413} -47| 349329] 9-88 650671} 24 
37 | 339306 | 9-40 989384) «47} 349922) 9:87 .650078) 23 
38 | 339871 | 9-39 989356} -47| 350514 —_g- 86 649486; 22 
39 | 340434 | 9-37 989328) -47/ 351106, 9-85 648894 21 
40 | 340996 | 9-36 989300; -47} 331697; 983 648303, 20 
4 |9-341908'} 9-35 | 9989271] «47, 9:352287| 9-82 |10-647713 1 
42 | 342119 | 9-34 989243) +47} 352876} g-81 647124 1 
43 | 342679 | 9-32 989214! -47} . 353465} 9-80 | 646535. 17 
| 44 | 343239 | 9-31 989186] -47} 354053) 9-79 | 645947 16 
45 S079) 9-30 989157] -47] 354640] 9-7 645360 15 
46 | 344355 | +29 989128] -48] 355227) 9-7 644773, 14 
4 344912 | 9°27 989100} °-48} 355813} 9-75 644187. 13 
(4 345469 | 9-26 989071] -48} 356398: 9-74 643602 12 
49 | 346024 | 9-25 989042) - 43} cart 2) «9:73 642¢18 22 
5a! 346579 | 9-24 989014 -48| 357566, 9-71 642434 10 
51 9 347134 | 9-22 | 9-988985} -48] 9:358149, 9-70 10-641851 
52 | 347687 | 9-21 988956} .48} 358731 9:6 | 641269 Q 
53 | 348240 | 9-20 98897) -48} 359313} 9 68 640687 
54 | 348792 | 9-19 988898] -48! 359893) 9-67 640107 3 
55 | 349343 | 9-17 988869! -48, 360474) 9-66 639526 5 
56 | 349893 | 9-16 988840, .48} 361093 9-65 63894 Ee. 
5 350443 | 9-15 983811} +49 361632' 9-63 638368, 3 
5 range 9:14 938782 «49! 362210 g-62 637790 2 
59 351940 | 9-13 988753 «49! 362787; 9-61 635203 meek 
60_ 352088 | 9-11 988724 +49. 363364, 9-60! 636636 o 
{|__| Cosine D._| Sine 77° Coiang. |__D | 


Tang. | M. | 


SINES AND TANGENTS. (13 DEGREES.) 31 
Mo Sine | OD. Cosine | D.] Tang. D. _|_ Cotang. : | 
- 2 9 | 9-3¢ a -636636| 60 
a) 352088) 9-11 | g-988724! +49} 9-363364) 9 60 |10 6 
i : 352635) 9-10 988695) +49] 363940] 9-59 636060 3 
2 353181) 9-0 988666) +49) 364515) 9-58 635485) 5 
3 | 353726! E205 988636) -49} 365090; 9-57 634910 3s 
4 354271] 9-07 988607} +49} 365664) 9-55 ae 2 
5 354815) 9-09 988578) +49} 366237) 9-54 ore 2 
6 355358) 9-04 988548) -49 366810 9-53 a noe a 
7 355901} 9-03 988519 +49} 367382} 9-52 eee e 
8 356443} 9-02 988489! -49] 367953) 9-51 at 3 
9 336984 -O1 988460} -49 368524! 9-50 aaa 2 
10 357524 8:50 988430, -49| 369094! 9-49 poe 2 
II | 9+358064} 8-98 | 9-988401| -49 9-369663| 9-48 ie 0 Me ; 
12 358603} 8-97 938371} -49| 370232) 9-46 7297 8 
13 359141] 8-96 988342] -49} 370799] 9-45 ee a oH 
14 359678} 8-95 988312) +50} 371367) 9-44 es 4 
15 360215} 8-93 988282) +50] 371933} 9-43 2 i) 7 - 
16 360752) 8-92 988252) +50) 372499] 9-42 Ree as 
IJ 361287} 8-91 988223) +50} 373064) 9-41 ae . 
18 361822] 8-90 988193} +50} 373629! 9-40 tb re 
I9 362356; 8- 988163} +50] 374193} 9-3 ne a x 
20 362889 8.83 aks oe ue ie ee ‘ 
21 | g-363422} 8-87 | 9-988103) -50) 9-375319 31 as 
363954) 8-85 88073) +50} 375881] 9- 4 
23 364485 8-84 osion3 2 ce pax sees a 
2 365016] 8-83 988013} -50 77003) 9- 
e| ees Ee | Be el gs oe | eae 
26 366075 81 987993) +5 2 b13%9] 33 
27 366604) 8-80 987922) -50| 378681} 9-30 
28 367131 8-79 987892 -50) 379239 2 ee Be 
30 36h18 sed 931833 3 303k an 619646) 30 
30 3681 a) 987 - x : 
: : *380910| 9-26 |10-619090 
31 | 9-368711| 8-75 | 9-987801) -51/ 9 : 910] ze one ; 
3 369236} 8-74 987771} -51) 3814 9 
| sel se | re a) Be ose 
3 370285; 8-72 987710, « : ae 
36 370808 8-71 987679 +51) 383129) 9-22 path oe 
ee | en teas oa | 
85 . 7 . 4 
3 ae 8.6) 987588 -51| 384786] 9-1 Pe e 
3g 372894) 8-6 987557, -51 385337) g:1 Reeriias 
del gel Glee | oibetucel cal geasce| 2a) leisianea 3 
373033} 8-64 -987496)| - : 
eee teed an) 2 ha 
43 | 374970) 8-62 987434; - ee ede 
7403; +52 388084] 9-12 9 
44 | 375487) 8-61 987403, See Eifel Be 
3| 8-60 987372) +52 Il 9 
ee 2 see oe | eal 
; 47 377035) 8-5 957310) eae oe pout 
CA ee ee peat Rie wise alo eapial ey 1 boreal at 
378063) 8-56 987248) -52 go! 9 E 
ge ea Ger iael ebay FS Lote 
Pe ee Te Anos : 30244 +04 607553 
6o1| 8-52 987155 +52 192447] 9 
33 30rd 8-51 987124 +52) 392989 O28 eueee 2 
54 380624) 8-50 987092 -52 393531] 9-0 al a 
55 | 381134! 8-4 Boia) | A903) j97er | 20808) 
56 381643 8.48 987030 +52 soubr4 ae bosbaél 3 
5 382152) 8-4 986998, -52 ee 8.08 Auaiegl ia 
5 382661) 8-4 Desai +52 a es A“ Doiror loa 
5g | 383168} 8-45 986936, -52| 3962 er oS aes 
| 60 | 383675] 8-44 986904) +52| _ 396771| _8-90_| pei e 
[| Cosine | D. | Sine /'%6°! Cotang. D. Tang - 


a5 


32 


M 


(14 DEGREES.) A TABLE OF LOGARITHMIC 


Sine 


- 
I 
2 
3 
4 
2 
6 
g 
9 


“9+383675 


384182 
384687 
385192 
385697 
386201 
386704 
387207 
387709 
388210 
388711 
§°389211 
389711 
390210 
390708 
391206 
pero 
21 
392695 
393191 
393685 
9°39417 
39467 
395166 
395658 
396150 
396641 
397132 
sya! 
398111 
398600 
9°399088 
399575 
400062 
40054 
Zo1035 
401520 
402005 
402489 
402972 
403455 
9° 403938 
404420 
404901 
405382 
405862 
406341 
406820 
407299 
407771 
rey 
9. 408731 
409207 
409682 
410157 
410632 


Cosine D. Cotang. 

AR -986904| °52| ¢-396771| 8-96 |10-603229| 60 
TE a 986 73) °53 ? 397309| 8-96 peiogt 5 
42 | 986841 5 397846} 8-95 602154) 5 
“AI 986809} +53) 398383) 8-94 601617} 57 
-40 986778) °53 39891 8-93 |” 601081) 56 
986746| +93 399155 8-92 600545} 55 
+3 986714) +53) 399990] 8-91 600010} 54 
+37 986683; +53) 400524 oo 99476 53 
+36 986651| +53} 401058] 8- 2 598942] 52 
+35 986619] +53} 4ordg1] 8-8 598409] 51 
+34 986587} -53| 402124) 8-87 597876| So 
+33 | 9+986555| +53! g-402656} 8-86 |10+597344) 4 
+32 986523] -53] — 403187] 8-85 596813} 4 
+31 986491} °93) 403718) 8-84 596282] 4 
-30 386459 53] 404249] 8-83 595751] 4! 
-28 986427| *93! 404778| 8-82 595222| 45 
+27 986395} °53] 405308] 8-81 594692| 44 
+26 986363] +54) 405836) 8-80 594164] 43 
+25 986331] *94) 406364) 8-7 593636] 42 
+24 986299] °94| 406892} 8-7 593108] 41 
-23 986266! -54| 407419] 8-77 592581| 40 
+22 | 9-986234) +54) g-407945| 8-76 |10+592055) 3 
+21 986202] 54) © 408471] 8-75 591529] 3 
+20 986169} +54]  408997| 8-74 Agi00s 3 
+I 986137| *54) 409521) 8-74 990479 3 
+1 986104} -54| 410045] 8-73 589955} 35 
“17 986072) +54) 410569] 8-72 589431} 34 
“1 986039} +34) 411092) 8-71 583 08| 33 
-16 | 986007/ :54) 411615] 8-70 588385) 32 
+15 985974| °94| 412137 ae 587863| 31 
+14 985942| +94) 412658) 8-6 587342) 30 
*13 | 9-985909) +59) 9-413179] 8-67 |10-586821) 2 
+12 985876) *59| © 413699] 8-66 586301] 2 
+1 985843 +55 41421 8-65 585781] 2 
“10 985811] +995 414738 8-64 585262] 2 
“0 985778] °55| 415257) 8-64 584743| 25 
“0 985745| +53} 415775) 8-63 584225} 24 
“07 985712) *59| 416293) 8-62 583707) 23 
+06 985679! 59] 416810] 8-61. 583190] 22 
-05 985646 +59} 417326] 8-60 582674) 21 
+04 985613) +95] 417842) 8-5 582158] 20 
-03 | 9-985580| +55) 9-418358 8.58 10+581642| 1 
+02 985547] °55) © 418873) 8-57 581127| 1 
‘O01 985514] -95} 419387] 8-56 580613) 1 
+00 985480 +55 4tggo1| 8-55 5800 I 
“9 985447| *55} 420415] 8-55 579585 15 
“9 985414] °56] 420927] 8-54 579073] 14 
97 985380] +56} 421440] 8-53 578560 13 
+96 985347] +56} 421952] 8-52 578048] 12 
-99 985314} °96| 422463) 8-51 577537| 11 
“94 985280] +96) 422974} 8-50 577026] 10 
94 | 9+985247| +56! 9+ 423484 a9 10-576576| . 
-93 985213) +56 e998 8-4 576007 3 
92 985180] +56} 424503) 8-48 575497| 7 
91 985146, +56} 425011] 8-47 574989} 6 
e 985113} :56) 425519] 8-46 574481| 5 

9 : peer +56} 426027] 8-45 573973) 4 
8 985045} 56} 426534] 8-44 573466| 3 
87 985011} +56} 427041] 8-43 572959] 2 
+86 984978) °56| 427547] 8-43 57945 I 

5 984944 _ 56! 428052| 8-42 571948] 0 
D. Sine |75°| Cotang. | D. “| Tang. 1M. } 


SINES AND TANGENTS, 


(15 pearuss.) 83 


MM] Sine _ D. | Cosine | D. Tang. D. Cotang 
© | 9°412995 7-85 | 9:954944 +57) 9.428052} 8-42 |10-571948] 60 
1} 413467| 7-84 984910 +97) 428557] 8:41 571443) 5 
2} 413938} 7-83 984576, +97! 429062! 8-40 570938 5 
3 | 414408) 7-83 984842 +97) 429566] 8-3 570434] 5 
4+ 414878} 7-82 gd4808 +97! 430070] 8-3 569930} 5 
or 419347! 7:81 984774 97 430573) 8-38 569427} 55 
6 415815| 7-80 9847401 -57| 431075] 8-37 568925] 54 
| j 416283] 7°79 984706) -57/ 431577] 8-36 568423} 53 
416751) 7-78 984672! -97| 432079] 8-35 567921) 52 
| 9 417217} 7°7 984637] +57] 432580] 8-34 567420] 51 
1o | 417684) 7-7 984603) +57) 433080] 8-33 566920] 5o 
| IL | G<418150! 7-75 9+984569) +97 9:433580| 8-32 |.0-566420] 4 
| 12 418615, 7-74 984939! +57} ~ 434080] 8-32 565920) 4 
13 419079| 7°73 984900) +57} 434579] 8-31 565421} 47 
14 419544) 7-73 984466) +97) 435078] 8-30 564922| 46 
15 420007} 7-72 984432] +38) 435576] 8-2 564424| 45 
16 420470| 7-71 984397| -98) 436073} 8-2 563927| 44 
I 420933] 7:Jo | 984363) -58, 436570] 8.28 563430! 43 
I 421395 7: 2 984328) +38; —437067| 8-27 562933] 42 
19 aca 7°6 984294) +58) 437563! 8-26 562437] 41 
| 20 422318] 7-67 984259} +98) 438059] 8-25 561941| 40 
21 | 9-422778} 7-67 | 9:984224) -58) 9.438554] 8-24 |10-561446| 3 
22 423238| 7-66 984199; +98) ~ 439048| 8-23 560952] 3 
| 23 | 423697; 7-65 984199} +98) 439543] 8-23 560457| 37 
| 24 424196| 7-64 984120) +58} 440036] 8-22 559964| 36 
25 | 424615| 7-63 984085} -58) 440529] 8-21 559471| 35 
26 425073} 7-62 984050] +58] 441022] 8-20 558978] 34 
2 425530| 7:61 984015} +58) 441514] 8-19 35856 33 
2 425987| 7:60 933981} +58 442006} 8-1 pais 32 
29 426443} 7-60 983946} +98) 442497] 8-1 557503} 31 
30 |. 4268 7:59 983911 798 442988 8-17 557012) 30 
31 9427355 7°58 | 9-983875) -58; 9.443479] 8-16 |10-556521| 2 
32 427809] 7°57 983840) +59; ~ 443968! 8-16 556032] 2 
33| 428263] 7-56 983805] +59} 444458] 8-15 555542| 2 
34 428717| 7-55 983770] +99)  444947| 8-14 555053} 2 
35 429170| 7:54 983735} 59; 445435} 8-13 554565] 25 
36 429623} 7-53 983700] +59) 445923} 8-12 554077| 24 
3 430075| 7-52 983664) +99) 446411] 8-12 553589) 23 
3 430527| 7-52 983629, +99) 446898] 8-11 553102] 22 
39 430978| 7:51 983994) +99) 447354, 8-10 552616} 21 
40 431429| 7-50 983598} +59) 447870) 8-09. 552130] 20 
At | 9-431879| 7:49 | 9°983523) -59) 9-448356| 8-09 |10-551644) 1 
42 432329} 7:49 933437) +59, ~ 448841} 8-08 551159] 1 
43 432778] 7:48 983452} +99, 449326] 8-07 550674) 17 
44 433226} 7-47 983416) +99, 440810] 8-06 550190] 16 
49 |. 433675] 7-46 983331] +59, 450294) 8-06 549706| 15 
46 | 434122} 7-45 983345} -59} 450777] 8-05 ae 14 
4] | 434569) 7-44 983309} -59, 451260] 8-04 548740] 13 
4 435016] 7°44 983273] +60, 451743] 8-03 548257] 12 
45 435462| 7-43 983238} +60) 459295) 8-02 547779| 11 
5e 435908} 7+42 983202] +60] 452706) 8-02 547294| 10 
51 | 5+436353|) 7-41 | 9:983166) -60 ao) 8-o1 |10-546813 Q 
52 436798] 7:40 | 983130) +60) ~ 453668] 8-00 546332 
53 437242| 7-40 983094] -60! 454148] 7-99 545852| 7 
54 437686) 7-39 983098} +60) = 454628] 7-9 545372] 6 
55 435129! 7-38 983022} +60) 455107) 7-9 544893} 5 
56 | 438572| 7-37 982986] +60, 455586! 7-97 1 544414] 4 
5 439014} -7:36 982950] -60) 456064'- 7-96 | 543936; 3 
5 439456} 7-36 982914] -60| 456542| 7-96 | 543458| 2 
59 439897| 7-35 982878] -60) 457019/ 7:95 ; 542981] 1 
60 | 440338) 7-34 982842 ee 457496 zat. 542504] 0 
: | Cosine D. | Sine |74°! Cotang. | D. | Tang. | M. 


34 (16 DEGREES.) A TABLE OF LOGARITHMIO 


(M.Y Sine D. Cosine | D.| Tang. D. Cotang.| __ 
0} 9°440338| 7-34 982842] 60) g+457496| 7+94 |10-542504| 60 
I heat 4°33 z 982805 -+60 c 457973| 7°93 542027| 59 
2 441218! 7-32 982769| -6% 458449) 7°93 541551) 58 
3 441658} 7-31 982733| -61| 458925) 7-92 541075) 57 
4 442096] 7°31 982696] -61] 459400] 7-91 540600) 56 
5 442535) 7-30 982660] -61| 459875] 7-90 540125| 55 
| 6 442973} 7:29 982624} -61| 460349 ie 539651| 54 
i 443410, 7-28 982587, -61| 460823) 7: San 53 
| 443847' 7-27 982551| -61} 461297) 7-8 538703} 52 
een) 444284 7-27 982514} -61| 461770] 7-88 538230) 51 
; 10 444720 7-26 982497| -61| 462242} 7-87 537758) So 
1 11 | 9-445155, 7-25 | a-982441! -61| 9-462714| 7-86 |10-537286) 49 
| 12} 445590 7-24 982404| 61; 463186, 7-85 536814| 48 
i tS 446025, 7-23 982367| -61| 463658} 7-85 536342| 47 
1 141" 446459" 7-23 982331] -61| 464129, 7:84 535871| 46 
ae) 4468931 7-22 982294} -61| 464599] 7-83 535401} 45 
16 447326) 7-21 982257, -61| 465069} 7-83 534931} 44 
ar 447759] 7-20 982220! +62) 46553 7-82 §34461| 43 
; 13 448i91| 7-20 982183) -62| 466008} 7-81 533992] 42 
ig 448623) 7-1 982146! +62} 466476] 7-80 533524] 41 
; 20 449054) 7+1 982109] -62| 466945} 7-80 |. 533055) 4o 
21 | g°449485| 717 | 9:982072| +62! 9-467413) 7-7 10:532587| 39 
22 449915) 7+16 982035} +62; 467880} 7-7 532120) 38 
23 450345| 7-16 981998, -62| 468347} 7-78 531653) 3 
24 450775) 7°15 g81961| +62! 468814) 7-7 531186) 3 
29 451204) 7°14 981924| +62| 469280] 7-7 530720] 35 
26 451632) 713 981886] -62| 469746) 7-79 530254| 34 
27} 452060) 7-13 981849! +62} 470211} 7-79 529789} 33 
28 452488} 7-12 981812| +62} 470676) 7:74 529324) 32 
29 452915; 7-11 981774| °62| 471141} 7°73 528859] 31 | 
30 453342] 7-10 981737| -62} 471605} 7°73 528304 30 | 
31 | 9:453768) 7-10 | -9-981699| -63) 9:472068] 7-72 |10-527932| 29 
32 454194| 7:0 981662| +63) 472532] 7-71 527468) 28 
33 454619] 7-0 981625} +63] 472995) 7-71 527005] 27 
34 455044) 7:07 981587} +63 273457 7:70 526543| 26 
39 455469) 7:07 981549} +63} 473919} 7-69 526081| 25 
36 455893) 7-06 981512} -63 a4438t 7:6 525619) 24 
3 456316} 705 981474} +63} 474842) 7-6 525158} 23 
3 456739} 7-04 981436] +63] 475303) 7-67 594697| 22 
39 457162) 7-04 981399] +63} 475763) 7-6 504234 21 
40 oh 7-03 981361} -63| 476223) 7-6 523777| 20 
Al | 9+458006| 7:02 | 9+981323) -63} 9476683] 7-65 |10-593317| 1 
42 458427| 7-01 981285] -63} 477142| 7-65 529858] 1 
1 43 458848] 7-01 981247| -63} 477601] 7-64 5292399] 1 
44 459268] -7-00 981209} +63) 478059] 7-63 521941} 1 
49 459688 99 981171] +63} 478517} 7-63 521483] 15 
46 460108] 6-9 981133} +64] 478975) 7-62 521025] 14 
4 460527| 6-98 981095) -64) 479432] 7-61 520568} 13 
4 460946) 6-9 981057} -64 aera! 7:61 520111| 12 
49 461364) 6-9 981019] +64} | 480345} 7-60 519655) 11 
So 461782| 6-95 980981! +64) 480801] 7-59 519199] 10 
SI | 9+462199| 6-95 | 9+980942; +64] 9:481257| 7-59 |10 518748 
52 462616; 6-94 980904) +64) 481712] 7-5 518288 8 
53 | 463032] 6-93 980866| -64| 482167] 7-57 517833| 7 
94 463448) 6-93 980827| +64, 482621) 7-57 517379] 6 
pale 463864| 6-92 980789! -64) 483075) 7-56 516925 5 
36 464279) 6-91 980750) +64; 483529) 7-55 516471| 4 
5 464694| 6-90 980712] -64) 483982] 7-55 516018} 3 
5 465108 os 980673) -64| 484435) 7-54 515565! 2 
59 465522! 6. 980635} -64| 484887) .7-53 515113] 1 
60 | 465935} 6-8 980596} -64| 485339) 7-53 514661| 0 
__ | Cosine D. Sine 173°! Cotang. D. Tang. | M. 


OO OA DOs Whe O. 


10 


| Cosine 


SINES AND TANGENTS, 


(17 peerees.) 


a Sine | 


D. |, Cosine | D.{ Tang. D. | Cotang. 
9°465935| 6-88 | g-980596| -64) 9-485339| 7-55 |10-514661| So 
466348) 6-88 980558] +64) 485791] 7-52 514201 2 | 
466761} 6-87 980519} 65) 486242] 7-51 513758 58 | 
467173] 6-86 980480] +65} 486693}. 7+51 513307, 57 
467585) 6-85 980442] -65) 487143} 7-50 512857} 56 
; 467996] 6-85 980403) +65} 487593) 7:49 512407| 55 
468407| 6-84 980364] +65) 488043) 7:49 511957; 94 
468817} 6-83 980325] +65} 488492) 7-48 511508) 93 
469227| 6-83 980286] +65} 488941] 7-47 511059! 92 
469637| 6-82 980247, -65} 489390) 7:47 510610) 51 
470046] 6-81 980208] -65} 489838] 7-46 510162| 50 
9°470455| 6-80 | 9-g80169} +65) 9-490286| 7-46 |10-509714) 4 
470863! 6-80 980130] +65} 490733} 7-45 509267] 4! 
471271| 6+7 g800g91| 635} 491180) 7-44 508820} 47 
471679} 6+7 980052] +65} 491627) 7°44 508373| 46 
472086) 6-78 980012] -65] 492073] 7-43 507927) 49 
472492| 6°77 979973| :65} 49251 7°43 507481] 44 
472898| 6-76 979934] :66 453965 7:42 507035] 43 
473304| 6-76 979395| +66} 493410] 7-41 506590) 42 
473710) 6-75 | 999855 *66) 493854) 7-40 506146) 41 
474115) 6-74 | 979816) * 66} 494299] 7:40 505701} 40 
oA 9 6:74 | 9-979776| +66) 9°494743| 7-40 |10-505257 39 
474923} 6:73 | 979737} +66} 495186} 7-3 504814| 38 
475327| 6-72 979697| +66} 495630) 7-3 504370] 37 
475730] 6-72 ar06e8 +66] 496073] 7+37 503927| 36 
476133] 6-71 979618] -66) 496515} 7°37 503485| 35 
476536] 6-70 979579| +66) 496957| 7-36 503043) 34 
476938} 6-69 '979539} +66] 497399} 7:36 502601} 33 
477340| 6-6 979499 -66| — 497841] 7-39 por 32 
417741 6.68 979459] +66} 498282) 7:34 501718| 31 
478142| 6-67 979420] +66) 498722! 7:34 501278} 3o 
9° 478542} 6-67 | 9-979380| +66) 9-499163| 7-33 |10-500837| 2 
478942| 6-66 979340| -66| 499603} 7-33 Peet 2 
479342| 6-65 979300] -67| 500042} 7-32 4999 8| 27 
479741| 6-65 979260] +67}  5oo481| 7-31 499519] 20 
480140] 6-64 979220| +67 aoe 7-31 page 25 
480539} 6-63 979180] -67|  5o1359} 7-30 498641) 24 
480937| 6-63 979140| -67 re) 7-30 498203] 23 
181334 6-62 979100] +67} 502235) 7-2 497765} 22 
481731} 6-61 979059] +67} . 502672) 7:2 497328} 21 
482128} 6-61 979019| -67| 503109} 7-28 496891) 20 
9°482525| 6-60 | 9-978979| -67| 9:503546] 7-27 |10°496494) I 
482921} 6-59 973959 -67| 503982) 7-27 496018} 1 
483316} 6-5 978 67 504418, 7-20 495582| 17 
483712 6.58 978858] +67) 504854) 7-25 495146] 16 
484107| 6-57 978817| -67| 505289] 7-25 494711| 19 
484501} 6-57 97877) +67/ 505724) 7-24 494276| 14 
484895| 6-56 978736| -6 506159] 724 493841| 13 
785289 6-55 precae “6 506593} 7-23 493407| 12 
485682) 6-55 978655] -68} 507027) 7-22 492973} 11 
486075} 6-54 978615} -68} 507460) 7-72 492540} 10 
9°486467| 6-53 at 4 +68} 9507893) 7-21 |10°492107 2 
| 486860] 6-53 978533} -68| 508326} 7-21 491674 
487251) 6-52 he +68} 508759] 7-20 491241] 7 
487643| 6-51 978452] -68)  Sogi91} 7:19 490809] © 
486034 6-51 978411; +68} 509622) 7-1 490378} 5 
788424| 6-50 | 978370| -68| 510054) 7+ 489946| 4 
488814} 6-50 S129 -68} 510485) 7-18 489515} 3 
489204) 6-4 978288] -68} 510916) 7+17 ays 2 
489593 6.48 978247] -68| 511346] 7:16 488654) 1 
489982) 6-48 978206] -68' 511776) 7:16 | 488224 +3 
D. | Sine 172° Cotang. D. | Tang. | M. 


36 (18 DEGREES.) A TABLE OF LOGARITHMIC 
M.{ Sine D. Cosine | D.{ Tang. D. Cotang. | 
0 | 9-489982! 6-48 978206] 68) 9-511776| 7-16 - |10-488224| 60 
I P foil 6-48 B 978165} +68] 512206] 7-16 487794 29 
2 490759} 6-47 978124) +68 512635} 7°15 487365] 5 
3 491147| 6-46 978083) -69} 513064) 7-14 486936} 57 
4 491535] 6-46 978042} -69} 513493) 7:14 486507} 56 
5 491922) 6-45 978001} -69} 513921) 7-13 486079} 55 
6 492308) 6-44 977959] :69 514349 7:13 485651) 54 
a 492695| 6-44 977 18 -69} 514777! 7:12 485223) 53 
8 493081} 6-43 977877) 69) 515204) 7-12 484796) 52 
9 493466| 6-42 977835| -69} 515631] 7-11 AbAn69 a1 
10 493851| 6-42 ~977794| :69} 516057] 7-10 483943] 59 
11 | 9494236] 6-41 | 9-977752| -69| 9-516484) 7-10 |10-483516) 4 
12 494621; 6-41 977711} °69 girgio 7:09 483090] 4 
13 495005} 6-40 977669} -69] 517335 119 482665} 47 
14 499388) 6-39 ge -69 ore 7:0 482459 46 
15 eel bis 977586} +69} 518185) 7-08 481819} 45 | - 
16 496194) 6-3 977544} *70| 518610} 7°07 481390] 44 
17 496537| 6-37 977503] +70} 519034} 7-06 480 6 43 
18 496919} 6-37 977461| :70| 519458} 7:06 480542 42 
19 497301| 6-36 977419) :70|  . 519882| 7-05 480118} 41 
20 497682] 6-36 977377| +70} 520305) 7-05 479695} 40 
21 | 9-498064) 6-35 | g+977335| +70] 9:520728} 7°04 |10+479272| 39 ~ 
22 498444; 6-34 977293] +70] 521151] 703 478849] 3 
23} 498825} 6.34 977201| +70} 521573] 7-03 478427] 37 
4 499204) 6.33 977209) +70} 521995} 7-03 478005} 36 
i) 499584} 6.32 977167} -7o| 522417] 7-02 477583} 35 
16 499963) 6-32 977125; +70} 522838) 7-02 477162) 34 
27 500342] 6-31 977083) +70} 523259! 7-01 476741| 33 | 
28 500721] 6-31 977041| +70} 523689; 7-01 476320| 32 
29 5o109g9} 6-30 976999) +70] 524100; 7-00 475900} 31 
30 501476} 6-29 976957| -70} 524520) 6-99 475480] 30 
31 | 9501854} 6-2 9:976914| *70} 9524939! 6-99 |10-475061] 29 
32 502231] 6-2 3168 2| -71} 525359) 6-9 474641) 28 
33 502607} 6-28 976830] +71 525778 6-98 474222) 27 
34 502984] 6-27 976787) -71| 526197) 6-97 473803} 26 
35 503360] 6-26 976745] -71| 526615) 6-97 473385| 25 
36 503735} 6-26 976702| -71| 527033) 6+96 472967) 24 
37 504110] 6-25 976660) :71| 527451} 6-96 472949) 23 
38 504485] 6.25 976617} +71} 527868} 6-95 472132} 22 
Ie) 504860] 6-24 976574) +71 528285 6-95 41719) 21 
fo | 505234) 6-23 976532| +71} 528702| 6-94 471298] 20 
«1 | 9*505608) 6.23 | 9+976489| +71] 9:529119 6-93 |10-470881| 1 
42 roger 6-22 976446] +71 529535) 6-93 470465} 1 
43 506354] 6-22 976404) +71} 529950) 6-93 470050} 17 
44 506727| 6-21 976361) +71 530366, 6-92 409634) 16 
45 507099} 6-20 676318) -71| 530781) 6-91 469219! 15 
46 507471} 6-20 976275) -71} 931196 6-91 468804 14 
4] 507843] 6-19 976232) +72}  531611| 6-90 468389} 13 
48 508214] 6-1 976189 +72} 532025 6-90 467 73 L254 
49 508585] 6-1 + 976146 +72] 532439 6-89 4679601) 11 
50 508956] 6-18 | 976103' -72| 532853 6-8 467147) 10 
51 | $:509326] 6-17 | 9+976060. +72) 9:533266 6.88 |10+ 466734. 
52 509696) 6-1 976017, -72| 533679 6-88 466321, 8 
53 510065} 6-16 975974 72 534092 6-87 465908 7 i 
54, 510434) 6-15 97990] -72| 534504 6-87 465496! 6 
55 510803] 6-15 975 87) +72| 534916, 6-86 465084) 5 
56 511172] 6-14 975844 +72 535328 6-86 464672| 4 
5 511540] 6-13 975800 +72} 535739 6-85 464261 3 
5 511907} 6-13 975757, «72| 536150 6-$5 463850 2 
59 | 512275) 6-12 975714, -72| 536561 6-84 4634391 
60 | 512642} 6-12 975670; +72} 536972) 6-84 463028 ) 
__ | Cosine D. Sine |710! Cotang./ D. | Tang. ang. | M. 


SINES AND TANGENTS. “(19 DEGREasS.) 


M.; Sine Cosine : g. . | Cotang. 
0 | 9:912642 6-12 -975670| +73) 9:536972' 6-84 |10-463028 
i 513009 6-11 ss 995627 +73} 937382) 6-83 462618 
25 e QO1dS7 0", Gert 975983} -73 537792] 6-83 462208 
3 513741, 6-10 975539) +73} 538202} 6-82 461798 
4 514107| 6-09 975496| +73; 538611} 6-82 461389 
a} 514472, 4-0 975492} -73; 539020! 6-81 460980 
6 514837| 6-0 975408] -73| 539429, 6-81 460971 
j 515202} 6-08 975365) +73} 539837; 6-80 460163 

515566! 6-07 975321| +73} 540245; 6-80 459755 
9 515930) 6-07 975277| :73' 540653; 6-79 459347 

10 516294 6-06 975233 -73! 541061] 6-7 458939 
11 | ie 6:05 | 9-975189) -73| 9-541468, 6-78 |10-458532 
12 517020) 6-09 975149| -73) 541875) 6-78 458125 
13 517382) 6-04 975101] -73) 542281] 6-77 457719 
14 517745) 6-04 975097; -73] 542688) 6-77 457312 
15 518107) 6-03 975013) -73} 543094) 6-76 | . 456906 
16 518468! 6-03 974969 -74| 543499] 6-76 456501 
I 518829] 6-02 974929] -74| 543905} 6-75 456095 
I 519190| 6-01 974980] +74) 544310] 6-75 ore 
19 519551; 6-01 974836) -74| 544715} 6-74 455285 
20 5iggii| 6-00 974792| -74| 945119] 6-74 454881 
21 | g-520271} 6-00 9:974748] +74] 9°545524} 6-73 |10-454476 
22 520631} 5-99 974703| -74| 545928} 6-73 454072 
23 520990} 5-99 974059] -74| 546331} 6-72 ee 
24 521349} 5-98 974614] +74] 546735] 6-72 45326 
25 521707| 5-98 974979] -74| 547138] 6-71 452862 
26 522066} 5-97 974525} +74 547540) 6-71 452460 
27 522424) 5-96 974481] +74 ie 6-70 452057 
28 522781} 5-96 974436] +74) 548345) 6-70 451655 
29 523138} 5-95 974391| -74| 548747] 6-69 451253 
30 523495} 5-95 974347] -75| 549149] 6-6 450851 
31 | 9-523852} 5-94 | 9:974302| -75] 9:549550]} 6-68 |10-450450 
32 524208} 5-94 974257} +75 pie?! 6-68 450049 
33 524564] 5-93 974212] -75| 550352] 6-67 44964 
34 524920| 5-93 974167] +75} 550752) 6-67 aig248 
35 525275) 5-92 974122| +75)? 551152] 6-66 448848 
36 525630] 5-91 974077] +75] 591552! 6-66 448448 
3 §25984| 5-91 974032] +75] 551952} 6-65 448048 
3 526339 5-90 973987| +75) 552351; 6-65 447649 
39 526693| 5-90 973942| +75] 952750) 6-65 447250 
40 527046| 5-89 973597 +75 yah 6-64 446851 
41 | 9-527400} 5-8 9973852] -75| 9:553548| 6-64 |10-446452 
42 527753} 5-8 973807| +75] 553946} 6-63 446054 
43 528105| 5-88 973761; -75| 554344) 6-63 445656 
44 528458] 5-87 973716] +76] 554741) 6-62 445259 
49 528810] 5-87 973671] +76] 555139) 6-62 444861 
46.| 529161] 5-86 | 973625] -76! 555536] 6-61 444464 
4 529513} 5-86 973580! +76 ae 6-61 444067 
4 529864| 5-85 973535; -76| 556329] 6-60 443671 
49 530215} 5-85 973489| +76] 556725) 6-60 443275 
50 | 530565} 5-84 973444] +76} 957121} 6-59 a8 
51 | g-530915} 5-84° asorer2° 76 opener 6:59 |10+4424: 
52 531265} 5-83 973352| +76] 957913] 6-5 442087 

| 5-82 | 973307| -76| 558308] 6-5 441692 
j 5.82 973261| +76] 558702] 6-58 441298 
5-81 973215] +76] 559097; 6-57 440903 
5-81 973169! +76) 559491] 6-5 440 °9 
5.80 973124 +76] 559885) 6-56. 44011 
5.80 973078 76 66027 6 56 
557 973032! «77 56067 6-55 
5.48 972986] +77) 561066} 6-55 
D. Sine |70° Cotang. | D Tan, 


[i Aeloresecros'abo 


= 


ee 


(20 DEGREES.) A TABLE OF LOGARITHMIC 


Sine sf — D: Cosine | D.| Tang. D. Cotang. 
+534052| 5-78 9°972986| -77 g- 561066 6+55 |10-438934 60 
z 534399] 5-77 Broad *71| 561459] 6-54 438941} 5 
53474 5-77 972894} +77)- 561851) 6-54 438149} 5 
535092} 5-77 972848] 77; 562244} 6-53 437756} 5 
535438 5-76 972802 -77| 562636! 6-53 437364) 5 
535783} 5-76 972755] +77| 563028} 6-53 pear be 55 
536129} 5-75 972709| -77| 563419} 6-52 436981) 54_ 
536474} 5-74 372663 “77 563811] 6-52 ee! 53 
536818} 5-74 972617] +77; 564202} 6-51 435798) 92 
537163] 5+73 972570] °77| 564592] 6-51 435408} 51 
537507; 5+73 972524! *77 ee 3] 6-50 435017] 5o 
9°537851] 5-72 | 9-972478] °77| 9-565373} 6-50 |10-434627| 4 
3361 4) 5+72 972431] +7 565763} 6-49 434237] 4 
538538) 5-71 972385) 78] 566153} 6-49 433847| 47 
538880) 5-71 972338] -78, 566542] 6-4 433458) 46 
539223) 5-70 972291| :78, 566932! 6-4 433068} 45 
539565) 5-70 972245| °78, 567320} 6-48 432680] 44 
539907) 5-69 972198) +78; 567709). 6-47 432291} 43 
540249] 5-6 972151] °78} ~ 568098! 6-47 431902| 42 
540590} 5-6 972105| +78} 568486} 6-46 431914) 41 
540931 5-68 972058] -78; 568873) 6-46 431127| 49 
9:541272) 5-67 | 9-972011| +78) 9-569261|- 6-45 |10*430739) 3 
541613} 5-67 971964) +78] 569648) 6-45 430352) 3 
541953] 5-66 9T1917| °78 570035) 6-45 oe be 3 
542293} 5-66 971870] :78) 570422] 6-44 429978) 3 
542632] 5-65 971823] +78} 570809] 6-44 eae 35 
542971} 5-65 971776] -78} 571199} 6-43 428805) 34 
543310} 5-64 971729] °79} 571581} 6-43 428419] 33 
543649] 5-64 971682] -79 sae 6+42 428033) 32 
ee 5-63 971635} +79} - 572352) 6-42 427648) 31 
. 544325) 5-63 971588] +79] 572738) 6-42 427262) 30 
9:544663} 5-62 | 9:971540] °79| 9:573123| 6-41 |10-426877] 2 
545000] 5-62 971493) °79| 573507] 6-41 426493) 2 
545338) 5-61 971446] °79| 573892] 6-40 426108) 27 
545674) 5-61 971398) -79| 574276} 6-40 425724| 26 
546011) 5-60 971381 *79| 574660] 6-39 425340! 25 
546347} 5-60 971303] +79] 575044) 6-39 424956| 24 
546683) 5-59 971256] +79} 575427] 6-3 424573| 23 
547019] 5-5 971208] -79| 575810}. 6-3 424190} 22 
547354) 5-5 971161| -79| 576193) 6-38 423807] 21 
ee 5-58 971113] +79] 576576) 6-37 423424} 20 
9:548024) 5-57 | 9971066} -80] 9-576958 oe 10-423041| 1 
548359] 5-5 971018} -80) 577341] 6-3 422659! 1 
548693 5-5 970970] +80 iS 6-36 422277| 17 
549027| -5-56 970922} +80] 578104] 6-36 421896} 16 
549360} 5-55 970874; +80} 578486) 6-35 421514] 15 
549693} 5-55 | 970827] +80 sad 6-35 421133) 14 
550026) 5-54 |~ 9707979] :80} 579248) 6-34 420752) 13 
550359) 5-54 970731} +80 sted 6-34 420371| 12 
550692) 5-53 970683} +80} 580009] 6-34 419991} 11 
551024] 5. : 6-33 419611} 10 
g:551356! 5. : 6-33 |10+419231 3 
551687] - 5- 6-32 418851 
552018) 5. 6-32 418472 
552349} 5- 6-32 418093 
552680] 5. 6-31 417714} 5 
553010) 5. 6-31 417335} 4 
553341] 5. 6-30 416957} 3 
553670} 5. 6-30 416598 2 
554000] 5. 6-29 416200! 1 
554329] 5+ 6-29 415823| oO 
Josine | D. D. | Tang. | M 


SINES AND TANGENTS. (21 pxeuRuus,) 


M. Sine D. Cosine | D., Tang, D. Cotang. 
© | 9°554329] 59:48 | 9-970152) -81| 9-584177) 6-29 |10-415823 
1 534658 5-48 g70103| -81 2 384548 Beas 4nbaas 
a ae 5°47 970055] +81} 584932} 6.28 415068 
3 555315| 9°47 970006] -81) 585309] 6.28 414691 
4 | 555643] 5-46 | 969957] -81| 585686 6.97 | 414304 
5 555971| 5:46 969909) +81} 586062) 6.27 413938 
6 556299] 9-49 969860] +81} 586439! 6-27 413561 
7 556626] 9+495 g69811} -81| 586815) 6.26 413185 
8 556953} 5-44 969762] -81| 587190) 6.26 412810 
9 557280, 9:44 969714] +81) 587566) 6.05 412434 
10 557606: 5-43 969665] -81] 587941] 6.95 412059 
Ir | 9°557932; 9-43 | 9:969616| -82] 9-588316] 6.08 10411684 
12 558258] 5-43 969567] -82}| 588691! 6.24 411309 
13 | 558583] 5-42 .| 969518] -82} 589066] 6:24 | 410934 
14 558909] 9:42 969469] -82 589440] 6-23 410560 
15 559234] 5-41 969420] «82 589814) 6-23 410186 
16 559558] 5-41 969370] +82} 590188] 6.23 409812 
I 559883] 5-40 969321] +82} 590562} 6.22 409438 
7 560207| 9-40 969272] -82/ 590935] 6-22 |° 409065 
19 560531} 95-39 969223] -82 591308) 6.22 708692 
20 560855} 5-39 969173) +82] 591681] 6-o1 408319 
21 | 9°561178 5-38 9°969124| °82| 9°592054, 6-21 10-407946 
99 561501| 5-38 969075] -82| 592426} 6.20 407574 
23 561824) 9-37 969025} -82} 592798] 6-20 407202 
24 562146| 5-37 968976] +82) 593170) 6-19 406829 
25 562468} 9-36 968926] +83) 593542) 6-19 406458 
26 562790| 9:36 968877] -83) 593914) 6-18 406086 
2 563112} 9-36 968827] -83) 594285} 6-18 405715 
2 563433| 5-35 968777| -83] 594656} 6-18 405344 
29 563755} 9-35 963728) -83) 595027] 6-17 | 404973 
30 564075| 9-34 968678} +83] 595398} 6-17 404602 
31 | 97564396} 5:34 | 9°968628] -83| 9°595768| 6-17 |10+404232 
32 564716| 9-33 968578} +83} 596138] 6-16 403862 
39 -§65036| 5-33 968528} +83] 596508} 6-16 403492 
34 565356} 9-32 968479} -83 596878} 6-16 403122 
35 565676, 5-32 968429] +83) 597247) 6-15 402753 
36 565995| 9-31 968379] +83) 597616! 6-15 402384 
37 366474 5-31 968329} +83) 597985} 6-15 402015 
38 566632) 9-31 968278] -83 598354 6-14 401646 
39 566951} 5-30 968228] +84) 598722) 6-14 401278 
40 567269} 5-30 96878] -84 59909 6-13 400909 
41 | 9:567587| 5-29 | 9°g68:28} +84) 9°5q9459, 6-13 |10-400541 
2 567904} 9:29 968978] +84)  599827| 6-13 400173 
43 ae . 5-28 g68027| +84) 600194) 6-12 399806 
44 568539] 9-28 967977| -84| 600562) 6-12 399438 
45 568856] 5-28 1977 84} 600929) 6-11 suger 
46 569172| 9:27 967876| +84) 601296) 6-11 398704 
4 569488) 9:27 967826} -84| 601662) 6-11 398338 
4 569804} 5-26 967775] +84) 602029! 6-10 397971 
49 570120} 9+26 967725] -84) 602395) 6-10 397605 
50 570435| 9-25 967674| -84) 602761) 6-10 397239 
51 | 9:570751| 5:25 | 9-967624] -84} 9-603127| 6-09 |10+396873 
52 571066) 5:24 967573} +84) 603493) 6-09 396507 
53 571380] 5-24 967522} *85} 603858] 6-0 396142 
54 571695| 5-23 967471| +85] 604223] 6-0 395777 
55 57200 5-23 967421] +85 604588, 6-08 395412 
56 572323 5-23 967370} «85 ae 6-07 395047 
5 572636] 5-22 967319} °85] 605317} 6-07 394683 
5 572950} 5-22 967268) -85} 605682) 6:07 | 394318 
59} 573263) 5-21 Cab *85| 606046) 6-06 393954 
60 ; 573575} 5-21 967166} -85} 606410) 6-06 393590 
Cosine D. Sine [68°] Cotang, D, Tang. | 


26 é 
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| 


40 (22 pgGREES.) A TABLE OF LOGARITHMIC 


M.' Sine D. Cosine ; D. | Tang. D. Cotang. "3.4 
0 | 9°573575| 5-21 9:967166| -85) g-606410 6-06 |10-3935g0) 60 : 
I 573888, 5-20 g67115| +85 606773; 6-06 393227 2 
2 574200| 5-20 967064) +85 607137 6-05 392863} 5 
3 574512) 5-19 967013} -85 607500) 6-05 392500] 57 
4 574824) 5-19 966961) +85; 607863} 6-04 392137] 56 
5 575136) 5-1 g66910) -85| 608225) 6-04 391775] 55 
6 575447| 5-1 966859! -85 608588} 6-04 391412] 54 
] 575758) 5-18 966808) -85 608950} 6-03 391050} 53 
576069) 5-17 966756| -86 609312} 6-03 390688) 52 
9 576379] 5:17 966705} +86} 609674} 6-03 390326} 51 
1o | 376689 5-16 966653] +86] 610036; 6-02 389964| So 
11 | 9°576999| 5-16 | 9-966602 +86) Boog 6-02 |10-389603) 4 
12 577309} 5-16 906550] -86, 610759} 6-02 389241] 4 
13 577618} 5-15 966499| -86| 611120) 6-01 388880} 4 
14 577927, 5-15 966447| +86) 611480) 6-o1 388520} 4! 
15 578236! 5-14 966395} -86} 611841) 6-01 388159} 45 
16 578545) 5-14 966344) -86| 612201] 6-00 387199 44 
I 578853) 5-13 966292! -86) 612561) 6-00 387439} 43 
1 579162) 5-13 966240: .86) 612921) 6-00 387079] 42 
19 579470) 5-13 966188! .86| 613281] 5-99 386719! 41 
20 | 579777) 5-12 966136) .86| 613641) 5-9 386359! 40 
21 | 7*580085| 5-12 | 9-966085| -87| 9:614000} 5-98 |10-386000} 39 
22 | §80392| 5-11 966033] -87| 614359) 5-98 385641) 38. 
23. 580699) 5-11 965981| -87| 614718] 5-98 385282| 37 
24, §81005| 5-11 963928] -87 615077} 5-97 384923} 36 
23 | 581312) 5-10 965876} -87| 615435) 5-97 | 384565) 35 
26 581618} 5-10 965824] -87 erzI93 5:97 384207] 34 
27 581924] 5-09 965772} -87| 616191) 5-96 383849} 33 
28 582229] 5-09 965720; -87| 616509; 5-96 383491] 32 
29 582535} 5-o 965668] .87} 616867) 5-96 383133} 31 
3o 582840] 5-0 965615) 87] 617224) 5-95 362776! 30 
31 | 9°583145} 5-08 | 9-965563| .87] 9:617582] 5-95 |10-382418) 2 
32 583449] 5-07 965511] 87} 617939) 5-95 382061} 2 
33 583754] 5-07 965458] .87| 618299) 5-94 381705} 27 
34 584058] 5-06 965406} .8 618652) 5-94 381348! 26 
35 584361] 5-06 965353} .8 619008) 5-94 380992} 25 
36 584665} 5-06 965301] -88} 619364) 5-93 380036 24 
3 584968] 5-05 965248] .88| 619721] 5-93 380279} 23 
3 585272) 5-05 965195] -88} 620076] 5-93 379924| 22 
39 585574} 5-04 965143} -88] 620432] 5-92 379568) 21 
4o 585877} 5-04 965090] .83}  620787| 5-92 379213] 20 
Al | 9°586179| 5-03 | 9:965037| .88! 9-621142| 5-92 |10-378858) 1 
42 586482! 5-03 964984] -88 ad 5-91 378503} 1 
43 586783) 5-03 964931} .88| 621852) 5-91 378148) 1 
44 587085) 5-02 964879! -88) 622207} 5-90 377793| 1 
439 | 587386! 5-02 964826| .88! 622561] 5-90 377439, 15 
46 587688} 5-o1 964773} -88) 622915 ee 377085. 14 
47 | 587989! 5-01 964719} -88} 623269) 5-89 376731! 13 
48 | §88289) 5-01 964666] «89, 623623) 5-89 | 376377! 12 
49 588590' 5-00 | 964613] .89, 623976) 5-8 376024) 11 
5o : 588890 5-00 964560] -85 624330 5-88 375670, 10 
51 9*58g190! 4-99 | 9:964507} «89 9:624683; 5-88 j10-375317, 
52. 589489! 4-99 964454] +89 625036) 5-88 374964 8 
| 53 e939 4:9 964400] -89! 625388) 5-87 374612 
54 590088 = 4-9) 964347) -89, 625741) 5-87 374259, i 
55; 590387 4-98 964294| -89' 626093; 5-87 | 373907 5 
ee | 590686 4-97 964240) -89 626445, 5-86 373909) ouA 
| 5 590984 4+97 964187] -89 626797! 5-86 373203 3 
3 &@  §91282 4-97 | 964133 -8g «627149 5-86 372851 2 
59 | 591580 4-96 964080, -89 627501 5-85 3724 I 
bo |__ 591875 4:96, 964026; .89 627852 5-85 372148 o 
oo tee Cosine D. Sine 1679, Cotang. | D. | Tang. | M. 


SINES AND TANGENTS. (23 DEGREES.) 4] 
| M.| Sine DB: Cosine ; D. | Tang. D. | Cotang. | 
0 | 9:591878| 4-96 | 9-964026' -89) 9-627852) 5-85 |10-372148] 60 
I ars! red 963972} -89) 628203) 5-85 371797} 59 
2 592473] 4+95 963919, +89] 628554) 5-85 371446) 58 
3 592770; 4-95 963565) +90) 628905) 5-84 371099) 57 ! 
4 | 593067] 4-94 963811) -go| 629255| 5-84 370745) 56 | 
5 593363] 4-94 963757| -90] 629606] 5-83 370394) 55 
6 593659, 4-93 963704 +90} 629956) 5-83 370044) 54 
: 593955} 4-93 963650} gc} 630306] 5-83 369694) 53 
g 594251| 4-93 963596} +90} 630656) 5-83 369344) 52 
5 594547| 4-92 963542} +90} 631005! 5-82 365995) 51 
10 594842} 4-92 963488 *90} 631355} 5-82 368645} 50 
11; 9999137; 4-91 | 9-963434) -go} g-631704] 5-82 |10-368296] 4 
12 599432} 4-91 963379} +90] 632053] 5-81 367947] 4 
13 595727} 4-91 963325) +90} 632401] 5-81 367599] 47 
14 596021} 4-90 963271; +90} 632750} 5-81 367250] 46 
15 596315} 4-90 963217) -90) 633098} 5-80 366902) 45 
16 ae 4-89 963163) +90 633447] 5-80 366553} 44 
I 596903) 4-89 963108) -91| 633795) 5-80 366205} 43 
I 597196, 4-89 963054! -g1} 634143} 5-79 365857] 42 
19 597490| 4-88 962999 -91] 634490} 5-79 365510] 41 
20 597783| 4-88 962949) -91 634838] 5-7 365162} 40 
21 | g-998075| 4-87 | 9-962890) +91) 9-635185| 5-78 |10-364815) 3 
22 593368} 4-87 962836) +91} 635532] 5-78 364468} 3 
23 598660} 4-87 962781) 91} 635879} 5-78 364121} 37 
24 598952] 4-86 962727} *91, 636226} 5-77 363774} 36 
25 599244) 4-86 962672) +91] 636572} 5-77 363428] 35 
26 599536) 4-85 962617} -91] 636919} 5-77 363081; 34 
27 599827| 4-35 962962, +91 637265| 5-77 362735} 33 
28 600118} 4-85 962508, -g1} 637611 5-76 362389] 32 
29 600409} 4-84 962493) -g1/ 637956; 5-76 362044] 31 
30 600700} 4-84 962398 +92 638302} 5-76 361698} 30 
31 | g-600990} 4-84 | 9-962343 +92) 9-638647) 5-75 |10+361393; 2 
32 601230} 4-83 962288. +92, 638992) 5-75 361908) 2 
33 601570| 4-83 962233 +92) 639337) 5-75 360663) 27 
34 601860; 4-82 962178 +92) 639682; 5°74 360318 ad 
35 602150] 4-82 962123 +92} 640027) 5-74 359973) 2 
36 602439} 4-82 962067 *92 640371) 5-74 359629 24 
3 602723! 4-81 962012 +92 640716) 5-73 359284) 23 
3 603017} 4-81 961957, +92, 641060} 5-73 358940 22 
39 603305; 4-81 g61go2 +*92| 641404) 39-73 358596) 21 
40 603594) 4-80 961846 +92) 641747; 5-72 358293) 20 
41 | g-603882) 4-80 Eee "92, 9°642091| 5-72 RoE a I 
42 604170} 4-79 961739 *g2} 642434) 5-72 337 2 I 
43 604457; 4-79 g61680 +92 = 642777} 5-72 oye of 
b4 604749! 4-79 961624 -93 643120, 5:71 eel 
49 605032) — 4-78 961569 +93, 643463) 5-71 a 7| 1 
46 605319) 4-78" 961513 +93 643806) 5-71 eee ea 
47 605606)~ 4-78 961458, +93) . 644148) 5-70 ee a 
48 | 605892) 4-77 g61402 +93, 644490) 5-70 a3 10) B 
49 606179) 4:77 961346 +93, 644832] 5-70 Be ‘ ae. 
50 606465} 4-76 g61290 -93) 645174) 5-69 ns : | 
51 | g-606751| 4-76 | 9:961235 +93 9°645516] 5-69 10-3544 4 : 
| 52 607036! 4-76 aay +93; 645857} 5-69 ee 
53 607322! 4-79 961123! +93) . 646199 Be oe ] 
| 54 607607! 4-75 961067| +93) 646540 fig ect Oe 
| 55 607892, 4:74 g61011) +93 646881 ee ae 9 : 
pap deme), 44 Ye. 200099) -295| 04722) ae ESA 
4 608461} 4-74 960899 *y3, 647562 2 ae) 
| 5 608745| 4-73 960843 +94) 647903} 5-67 Be 97 : 
59 609029} 4-73 960786 +94 648243] 9-67 au 7 ; 
| 60 609313; 4-73 g60730, -94| 648583) 5-66 351417} 0 
7 Gosine | _D. Sine _|669| Cotang. | D. | Tang. | M. 


£9 (24 DEGREES.) A TABLE OF LOGARITHMIv 


| M.] Sine Di Cosine | D.| Tang..| OD. Cotang. > 
ro) -609313 4°73 9° 60730 -94 9-648583} 5-66 10-351417 60 
I 9 eerigi 4-72 cae 94 648923} 5-66 351077] 59 
2 609880] 4-72 960618] +94] 649263) 5-66 350737| 58 
3 610164) 4-72 960561| -94|  649602| 5-66 350398} 57 
4 610447 4-71 960505} -94| 649942) 5-65 350058} 56 
5 610729] » 4-71 960448] -94| 650281) 5-65 349719} 55 
6 611012] 4-70 960392| -94 650620 5-65 349380) 54 
1 611294| 4-70 960335] -94) 650959} 5-64 349041| 53 
8 611576| 4-70 960279| -94| 651297) 5-64 348703] 52 
9 611858} 4-69 960222] +94 651636] 5+64 348364) 51 
Ic 612140] 4-69 960165) +94} 651974) 5-63 348026| 5o 
II | 9-612421| 4-69 | 9-g60109] -95| 9°652312| 5-63 |10-347688) 4 
12 612702} 4-63 960052] +95] 652650] _ 5-63 347350} 4! 
13 612983) 4-68 959995] -95| 652988} 5-63 347012] 47 
14| 613264] 4-67 99938] +95] 653326| 5-62 346674| 40 
10 613545| 4-67 959882] .95| 653663} 5-62 346337] 45 
16 613825] 4-67 959825} -95) 654000] 5-62 346000} 44 
17 614105] 4-66 959768] -95| 654337) 5-61 345663] 43 
13 614385) 4-66 999711! -95| 654674) 5-61 345326) 42 
19 614665] 4-66 959054] +95) 655011) 5-61 344989] 41 
20| 614944, 4-65 | 959596] -95| 655348] 5-61 344652) 40 
21 | g-615223} 4-65 9-999539 -95| 9°655684 5-60 |10-344316] 3 
22 615502] 4-65 959482] -95|. 656020} 5-60 343980] 3 
23 615781] 4-64 959425) +95] 656356] 5-60 343644| 37 
24| 616060| 4-64 | 959368 .95| 656592| 5-59 | 343308) 36 
25 616338) 4-64 959310, +96] 657028) 5-59 342972| 35 
26 | 616616] 4-63 959253| -96| 657364). 5-59 342636| 34 
id 616894] 4-63 959195] +96] 657699 aoe 342301] 3 
2 617172| 4:62 959138] -96] 658034] 5-5 341966] 32 
29} 617450} 4:62 959081] -96] 658369] 5-58 341631} 31 
3o 617727} 4:62 959023) 96] 658704] 5-58 341296] 30 
3t | 9-618004] 4:61 | 9-958965] .96| 9°659039] 5-58 |10-340961| 2 
32 618281| 4-61 998908] -96 659373 5-57 340627| 2 
33 618558] 4-61 958850} .96) 659708) 5-57 340292} 27 
34 618834] 4-60 958792| +96] 660042} 5-57 339958 20 
35 61g110| 4-60 958734} 96] 660376) 5.57 339624) 25 
36 619386} 4-60 958677] +96] 660710! 5-56 339290] 24 
3 619662] 4-99 958619} +96] 661043) 5-56 338957 23 
3 619938] 4-59 958561| -96| 661377 5-56 338623| 22 | 
39 620213 gone 958503] -g7] 661710) 5-55 338290] 21 
40 620488] 4:5 958445] -97! 662043} 5-55 337059 20 
41 | 9-620763} 4:58 | 9+958387 “97| 9°662376| 5-55 |10-337624) 1 
42 621038) 4-97 958329] -97| 662709) - 5-54 337291] 1 
43 621313) 4-57 958271] -97| 663042) 5-54 336958 
44 |. 621587! 4-57 958213] -97| 663375] 5-54 | ~ 336625 
45 621861; 4-56 958154] -97|  663707| 5-54 336293 
46 622135) 4-56 958096] +97| 664039] 5-53 335961 
4 622409} 4:56 958038] -97| 664371} 5-53 335629 
4 622682} 4:55 957979] -97| 664703} 5-53 335297 
49 622956] 4-55 957921] -97) 665035} 5-53 334965 
50 | 623229| 4:95 957863| +97} _ 665366} 5-52 334634 
51 | 9:623502| 4:54 | 9-957804| -97) 9°665697/ 5-52 |10-334303 
52 623774, 4:94 957746| -98| 666029} 5-52 333971 
53 | 624047| 4:54 | 959687] -98| 666360] 5-51 333640 
54 624319} 4-93 957628} +98) 666691} 5-51 333309 
55 624591} 4-93 957570] -98) 667021) 5-51 33297 
56 624863} 4:53 997511] +98; 667352) 5-51 339648 
5 625135] 4:52 957452] -98] 667682] 5-50,| 332318 
o 625406} 4-52 957393] -98| 668013) 5-50 331987, 
59 625677| 4:52 |.. 957335! -98] 668343] 5.50 33165 
60 625948) 4:51 957276| -98|_ | 668672] 5-50 33132 
__ | Cosine DD: Sine {65° Cotang. DF Tang, 


| 


So eu cunen no] 


Il 


SINES AND TANGENTS. (25 DEGREES.) 4g 
Sine D. | Cosine | D.| Tang. D. Cotang. 
9°625948} 4-51 | 9.957276 -98| 9-668673, 5-50 |10-331327| 60 
626219 4:51 * 997217) +98) 2 669002 5-49 330998 59 
626490) 4-51 957158) -98| 669332] 5-49 330668} 58 
626760} 4-50 957¢99 +98} 669661} 5-49 330339) 57 
627030) 4-50 957040| +98} 669991] 5-48 330009] 56 
627300] 4-50 956981] +98) 670320) 5-48 329680] 55 
627570! 4-49 996921} +99] 670649] 5-48 329351) 54 
627840, 4-49 956862; +99) 670977) 5-48 329023) 53 
628109) 4:49 956803) +99) 671306} 5-47 328694| 52 
628378} 4-48 956744) +99) — 671634! 5-47 328366} 51 
628647} 4-48 956684) +99) 671963} 5-47 328037} 50 
9°628916) 4-47 9996625) -99 9672291; 9°47 |10-327709] 4 
629185) 4-47 956566} -99| * 672619}. 5-46 327381] 4 
629453) 4-47 956506) -99 672947} 5-46 327053} 47 
629721) 4:46 996447! -99| 673274) 5-46 326726) 46 
629989, 4-46 996387) +99! 673602) 5-46 326398] 45 
630257| 4:46 956327| +99} 673929; 5-45 326071] 44 
630524) 4-46 956268! +99). 674257} 5-45 325743) 43 
630792! 4-45 956208 1-00) 674584 5-45 325416) 42 
631059} 4-45 956148 1-00) 674910! 5-44 325090) 41 
631326] 4-45 956089|1+00} 675237) 5-44 324763) 40 
9-631593 4:44 9+956029/1-00 9679564) 5-44 10-324436 39 
631859) 4-44 955969'1-00) ~ 675890! 5-44 324110] 38 
632125] 4-44 | 955909 1-00; 676216) 5 43 323784] 37 
632392} 4-43 9558491 -00 676543) 5-43 323457} 36 
632658] 4-43 955789|1-00| 676869} 5-43 323131| 35 
632923] 4-43 955729 1-00) 677194| 5-43 322806} 34 
633189] 4-42 955669 1-00 677520! 5-42 322480] 33 
633454) 4-42 955609|1-00] — 677846} 5-42 322154] 32 
633719] 4-42 955548|1-00}  678171| 5-42 321829} 31 
633984) 4-41 955488|1-00} 678496) 5-42 321504] 30 
9°634249| 4-41 9:995428|1-01 g 678821 5-41 |10-321179| 29 
634514] 4-40 955368)1-01 679146] 5-41 320854} 28 
634778) 4-40 955307|1-01| 679471} 5-41 320529] 27 
635042} 4-40 955247|1-01 679795| 5-41 320205] 26 
635306} 4-39 955186|1-01| 650120} 5-40 319880] 25 
635570} 4-39 955126|1-01 680444) 5-40 319556] 24 
635834 pe 955065|1-01} 680768) 5-40 319232] 23 
636097} 4:3 955005|1-01| 681092! 5-40 31 oe 22 
636360} 4-38 954944|1-01; 681416) 5-39 318584) 21 
636623| 4-38 954883 -01 681740| 5-39 318260] 20 
9°636886| 4-37 | g-954823]1-01] 9.682063) 5-39 |10-317937| 1 
637148) 4:37 954762|1-01| © 682387] 5-3 317613) 1 
637411] 4:37 g54701|1-01] 682710) 5-3 317290] 17 
637673) 4:37 954640|1-01] 683033) 5-38 316967} 16 
637935| 4:36 954579|1-c:| 683356} 5-38 316644) 15 
6381 4:36 954518|1-02| 683679) 5-38 316321) 14 
638456 4-36 954457|1-02} 684001} 5-37 315999] 13 
638720] 4-35 954396|1-02| 684324) 5-37 Seek 12 
638981} 4-35 954335 1-02} 684646) 5-37 315354) 11 
639242} 4-35 954274|1-02| 684968) 5-37 315032] 10 
9:639503| 4-34 9°954213|1-02| 9-685290 5-36 |10-314710 3 
639764) 4-34 954152|1-02, © 685612) 5-36 314388 
640024} 4-34 | 954090 1-03| 685934] 5-36 | 314066] 7 
640284} 4:33 954029|1-02; 686255) 5.36 313745 
640544) 4°33 953968) 1-02! See 5-35 313423) 5 
640804) 4-33 953906]1-02! 686898) 5-35 313102] 4 
641064] 4°32 953845] 1-02 687219) 5-35 312781] 3 
- 641324] 4-32 953783]1-02| 687540) 5-35 312460! 2 
641584} 4:32 953722/1-03' 687861) 5-34 31213 I 
641842} 4:31 953660 1:03] 688182} 5-34 315818) O- 
Cosine D Sine |64°, Cotang. | D. | Tang. [| M. 


uM | 


a4 (26 DEGREES.) A TABLE OF LOGARITHMIC 
M.| Sine : Cosine .| Tang. D. | Cotang. 
0 | 9-641842, 4:31 | 9-953660]1-03| g-688182| 5-34 |10-311818) 60 
I 642101; 4:31 953599|1-03} 688502) 5-34 311498} 5 
2 642360} 4:31 993537|1°03} 688823) 5-34 311197. 5 
3 642618} 4-30 993475)1-03} 689143) 5-33 310897) 57 
4 642377| 4-30 | 953413!1-03} 689463) 5-33 310537 56 
5 643135} 4-30 953352/1-03| 689783) 5-33 310217; 55 
6 | 643393) 4-30 |  953290'1-03| 6g90103| 5-33 309897, 54 
643650) 4-29 953228}1-03} 690423) 5-33 50877 53 
643908] 4-29 993166|1-03| 690742) 5-32 309258; 52 
9 644165] 4-29 953104|1-03! 691062} 5-32 308938) 51 
10 644423| 4-28 953042|1-05{ 691381} 5-32 308619) 50 
11 | 9:644680! 4:28 | 9-952980]1-04| g-691700} 5-31 |10-308300) 4 
12 644936) 4-28 952918|1-04| 692019, 5-31 307981) 4 
13; 645493} 4-27 952855}1-04| 692338) 5-31 307662| 47 
4 645450] 4-27 952793|1-04) 692656) 5-31 307344) 46 
15 645706} 4:27 952731}1-04|  692979| 5-34 307025) 45 
16 645962) 4:26 952669!1-04| 693293; 5-30 i 44 
I 646218) 4-26 g52606|1-04 693612) 5-30 306388} 43 
I 646474) 4-26 952544'1-04) 693930) 5-30 soea7 42 
19 646729) 4-25 952481\1-04 694248 5-30 3057 2| 4l 
20 646984) 4:25 952419'1-04| 694566) 5-29 305434) 40 
21 | 9-647240] 4-25 g+992356 1-04 9694883 5-29 j10-305117! 3 
22 647494| 4-24 g52294|1-04| 699201) 5-29 304799} 3 
23 647749| 4-24 g52231|1-04; 695518) 5-29 304482) 37 
24 648004) 4-24 g52168)1-05| 695836) 5-29 304164! 36 
25; ‘ 648258) 4-24 952106)1-05 696153) 5.28 303847} 35 
~ 26 648512} 4-23 g52043)1-05} 696470) 5-28 303530; 34 
27 648766} 4-23 951980|1-05} 696787) 5-28 303213) 33 
28 649020] 4-23 Q51g17|1-05} 697103) 5-28 302897) 32 
29 649274) 4-22 g51854|1-05| 697420) 5-27 302580) 31 
30 649527| 4:22 951791|1-05} 697736) 5-27 302264] 30 
31 | 9-649781} 4:22 | g-951728)1-05| g-698053} 5-27 |10-301947| 2 
32 630034} 4:22 g51665|1+05} 698369} 5-27 301631! 2 
33 650287} 4-21 951602/1-05) 698685) 5-26 301315| 27 
34 650539) 4:21 951539)1-05} 699001}. 5-26 300999} 26 
35 650792} 4:21 951476|1-05| © 699316) 5-26 300684) 25 
36 651044] 4-20 g91412/1-05| 699632) 5-26 300368) 24 
37 651297} 4-20 991349|1-06}  699947| 5-26 300053} 23 
38 651549] 4:20 g51286|1-06} 700263) 5-25 299737} 22 
39 651800} 4-19 991222|1-06} 700578) 5-25 299422) 21 
40 652052) 4-19 951159|1-06| 700893) 5-25 299107] 20 
41 | 9652304) 4-19 | g-951096|1-06) 9-701208] 5-24 |10-298792) 1 
42 652555] 4-18 g51032}1-06| 701523) 5.24 298477] 1 
43 652806} 4:18 g50968|1-06] 701837) 5-24 298163} 17 
44 653057) 4-18 950905}1-06} 702152) 5.24 297848} 16 
45 653308} 4-18 950841|1-06] 702466} 5-24 297534] 15 
46 653558} 4-17 950778|1-06} 702780) 5-23 297220] 14 
4] 653808) 4-17 950714)1-06; 703095} 5-23 296905] 13 
48 654059} 4-1 950650/1:06] 703409) 5-23 296591| 12 
49 654309] 4-1 950586)1-06) 703723] 5-23 296277) 11 
5o 654558} 4-16 950522/1-07| 704036] 5-22 295964) 10 
51 | 9-654808} 4-16 | 9+950458}1-07| g-704350| 5-22 |£0+295650 Q 
52 655058) 4-16 950394\1-07} 704663) 5-22 295337) 8 
53 | . 655307] 4-15 950330)1-07}  704977| 5-22 295023! 7 
54 655556} 4-15 950266/1-07/ 705290) 5-22: 294710; 6 
55 655805} 4-15 950202)1:07/ 705603] 5-21 | 294397] 5 
56 656054) 4-14 950138)1-07} 7o5g16} 5-21 294084 4 
5 656302) 4-14 g50074\1:07| 706228) 5-21 293772, 3 
5 656551] 4-14 g5o0010|1+07/ 706541) 5-21 293459 2 
59! 656799} 4-13 949945)1:07| 706854) 5-21 293146) 1 
ibe 1 Ab 104}) 4-13 949881)1+07/ 707166] 5-20 | 292834) 0 
Cosine | D. Sine (62°! Cotang. | _D. Tang. | M 


0 
I 
2 
3 
4 
5 
6 
j 
9 


10 


SINES AND TANGENTS. (27 DEGREES. ) 


Sine D. Cosine | D. | Tang. 

9:657047| 4:13 | 9-949881'1-07| 9-707166 
657295; 4:13 949816 1-07; 707478 
657542, 4:12 949752 1-07 797799) 
tee 4-12 949688 1-08: 708102 
658037 4-12 949623 1-08 JO8414 
658284, 4-12 949558 1-08. 708726 
658531; 4:11 949494,1:08; 709037 
658778) 4:11 949429 1-08} 709349 
659025} 4-11 949364)1-08| 709660 
659271} 4:10 949300|1-08| 709971 
659517; 4-10 949235. 1-08; 710282 

| 9:659763 4:10 | 9:949170 1-08) 9-710593 
660009 4-09 949105 1-08) = T0904 
6602559, 4-09 g4go40 1-08) 711215 
660501; 4-09 948975,1-08} = 711525 
660746); 4-0 948g910/1-08) 711836 
660991] 4:0 948845|1-08} 712146 
661236) 4-08 948780,1-09, 712456 
661481! 4-08 948715\1-09| 712766 
661726, 4-07 94865011-09! 713070 
661970 4:07 948584'1-09 713386! 
9:662214 4:07 9-948519 1-09 9-713696 
662459 4-07 948454,1-09 714005 
662703 4:06 | 948388)1-09| 714314 
662946 4:06 948323)1-09| 714624 
663190 4-06 948257:1-09| 714933 
663433 4°05 948192\1-09) 715242 
663677. 4:05 948126,1-09, = 719551 
663920: 4:05 948060'1-09| 7155860 
664163) ° 4°05 947995|1-10| 716168 
664406 4-04 947929/1- 10 716477 
9664648 4-04 | 9-947863:1-10) 9+716785 
664891 4°04 947797, 1-10; 717093 
665133 = 4-03 947731 1-10 717401 
665375! 4-03 947665, 1-10 717709 
665617. 4:03 947600 1-10} 718017 
665859 = 4-02 947533 1-10} 718325 
666100 4:02 947467 1-10) = 718633 
666342 4-02 947401 1-10) 718940 
666583 4-02 947335)1-10) 719248 
666824 4-01 947269/1-10| 719555 
9:667065 4-01 9°947203'1-10, 9:719862 
667305| 4-01 g47136/1-11} 720169 
667546, 4-or 947070\1-11 720476 
667786; 4-00 g47004|1-11] 720783 
668027! 4-00 yal I-11] 721089 
668267; 4-00 946871|1-11] 721396 
668506 3-99 946804|1-11] 721702 

668746 3-99 946738|1-11| 72200 

668986 3-99 g46671\1-11| 72231 
669225 3-9 g46604\1-11| 722621 
3660464 3-9 9 946538|1-11! 9° 722927 
/ 669703 3-98 946471|t-11| 723232 
669942' 3-08 j  946404)1-11 723538 
670181! 3-97 946337|1-11| 723844 
670419 397 g46270|1-12; 724149 
670658] 3-97 946203/1-12| 724494 
670896| 3-97 946136|1-12 F26199 
Gaia 96 946069 1-12} 72506: 
671372 3-96 946002|1-12) 729369 
71609 3-96 945935)1-12| 725674 
mage | Sine (62°) Cotang. 


Cosine 
———— 


9:08 | __ 974326) _ 0 
D.. Tang. | M. 


5-08 


10 


+ 289407 


+ 286304 


-283215 


+280133 


+2970] 


paar | 
Cotang, | 
10+ 


292834 
292522) 
292210 
291898 
291586 
291274 
290963 
290051 
290340 
nae 
289718 


289096) 
288785 
288475 
288164 
287854 
287544 
287234 
286924 
286614 


285995 
285686 
285376 
285067 
284758 
284449 
284140 
283832 
283523 


282907, 
282599 
282291 
2819383 
281670 
281367 
281060 
280752 
280445 


279831 
279524 
279217 
278911 
278604 
278298 


277085 
271379 


276768 
276462 
276156 
275851 
275546 
275241 
274935) 
274631 
ee 


45 


46 (28 DEGREES.) A TABLE OF LOGARITHMIC 
[ M. Sine D. Cosine | D.j Tang. D. Cotang. 
0 | 9:671609! 3-96 -945935. 1-12] g-725674 5-08 j10-274326 
I i 67184. 3.95 2 945968 1-12 2 725979 5-08 274021, 
| 2 672084; 3-95 945800'1-12} 726284) 5-07 273716, 
3 672321, 3-99 945733/1-12} 726588) 5-07 273412 
4 672558} 3-95 945666 1-12} 726892) 5-07 273108 
5 672795) 3-94 949598, I-12] 727197} 5:07 272803 
6 673032} 3-94 945531/1-12] 727501) 5-07 272499, 
673268} 3-94 945464.1-13] 727805; 5-06 272199) 
4A 673505) 3-94 945396:1-13} 728109) 5-06 vie3 
9 673741| 3-93 945328 1-13} 728412, 9-06 271588 
10 673977| 3-93 945261!1-13} 728716) 5-06 271284 
11 | 9-674213' 3-93 | 9-945193 1-13] 9-729020, 5-06 |10-270980} 
12 674448} 3-92 945125 1-13] 729323! 5-05 270677! 
13 674684). 3-92 945058 1-13} - 729626, 5-05 270374! 
14 | 674919] 3-92 944990 1-13) 729929) 5-05 270071| 
15 675155; 3-92 944922 1-13 730233! 5-05 269767 
16 675390) 3-91 944854 1-13} 730535) 5-05 269465) 
17 675624) 3-91 944786 1-13} 730838, 5-04 269162 
18 675859} °*3-91 944718, 1-13 731141) 5-04 268859) 
19 676094} 3-91 944650 1-13} 731444) 5-04 268556) 
20 676328) 3-90 944582 1-14) 731746; 5-04 268254 
21 | 9-676562| 3 90 | 9:944514'1-14) 9-732048; 5-04 |10-267952, 
22 676796} 3+90 9444461-14| 732351} 5-03 267649 
23 Cho Bee 944377.1-14} 732653) 5-03 267347) 
24 677264| 3-89 944309 1-14| 732955) 5-03 267045! 
25 677498} 3-89 944241 \1-14 iy 5-03 266743: 
26 mat 3 Be 944172,1-14] 733558; 5-03 266442 
27 677964} 3-8 944104.1-14| 733860; 5-02 . 266140) 
28 678197} 3-88 944036 1-14) 734162} 5-02 265838) 
29 678430] 3-88 943967:\1-14| 734463) 5-02 265537} 
30 678663} 3-88 943899'1-14) 734764) 5-02 265236) 
31 | 9-678895| 3-87 | 9-943830'1-14] 9-735066| 5-02 |10-264934) 
32 679128} 3-87 943761 1-14 go007 5-02 264633) 
33 679360] 3-87 943693,1-15| 735668) 5-01 264332| 
34 679592] 3-87 943624)1-15| 735969) 5-01 264031 
35 679824| 3-86 43555|1-15| 736269} 5-01 263731 
36 680056} 3-86 943486\1-15| 736570} 5-01 263430 
3 680288] 3.86 943417|}1-15| = 736871} 5-01 263129 
3 680519] 3-85 943348)1-15| 737171) 5-00 262829 
39 680750} 3-85 94327911-15} 737471} . 5-00 262529} 
40 | 680982} 3-85 943210/1-15| 737771; 5-00 262229 
41 | 9-681213) 3-85 | 9+943141/1-15| 9*738071| 5-00 |10-261929) © 
42 681443| 3.84 943072/1-15| 738371] 5-00 261629) 
43 681674 3-84 943003)1-15| 738671) 4-99 261329 
44 681905] 3-84 942934 1-15| 738971] . 4-99 261029) 
ae) 682135} 3-84 942864'1-15| 739271} 4-99 260729 
46 682365] 3-83 942795,1-16| 739570] 4:99 260430 
4 682595| 3-83 9427261-16| 739870} 4-99 260130! 
4 682825; 3.83 942656'1+16 la 4-9 259831 
49 683055} 3-82 942587\1-16| 740468) 4-9 259532) 
| 50 683284) 3-82 942517|\1-16| 740767} 4-98 259233 
51 | 9683514] 3-82 } 9+942448 1-16 glares 4-98 \10-258934) 
59 683743| 3-82 942378)1-16| 741365) 4-08 258635 
53 683972| 3-82 942308)1-16! 741664) 4-98 258336 
54 684201} 3-81 942239/1-16] 741962] 4-97 258038 
55 684430] 3-81 942169|1-16] 742261) 4-97 257739 
56 | 684658] 3-81 942099|1+16| 742559} 4-97 * 257441 
5 684887] 3-80 942029|1-16 779858 4:97 | 257142 
5 685115) 3-80 941939 1-16} 743156] 4-97 256844 
59 685343} 3-80 941889)1-17| 743454} 4-9 256546 
60 685571} 3-80 941819)1-17| 743752 498 256248 
Cosine D Sine |61°! Cotang. | D. | Tang. 


© moan ens o|% 


SINES AND TANGENTS, (29 DEGREES.) 41 
Sine D. _{_Cosine | D.| Tang. D. | Cotang. 
9:685571) 3-80 | 9:941819 1-17) 9-743752| 4-96 10+256248) 60 
685799} 3-79 941949'1-17| 744050; 4-96 255950| 5 
686027| 3-79 941679 1-17| 744348} 4-96 255652| 5 
686254) 3-79 941609 1-17; 744645} 4-96 255355| 57 
686482 ae 941539 1-17} 744943] 4-96 255057) 56 
686709} 3-7 pate tl 745240} 4-96 254760) 55 
686936! 3-78 941398'1-17| 745538] 4-95 254462! 54 
687163} 3-78 941328\1-17; 745835] 4-95 254165) 53 
687389] 3-78 941258 1-171 746132} 4-95 253868) 52 
687616} 3-77 | 941187,1-17|- 746429] 4-5 253571} 51 
687843! 3-77 Q41117,1-17} 746726} 4-95 253274) 90 
5-688069° 3-77 | 9-941046,1-18' 9-747023} 4:94 |10-252977| 4 
688299| 3-77 940975)1-18) 747319] 4-94 252681) 4' 
688521) 3-76 940005)1-18} 747616] 4-94 252384) 47 
688747} 3-76 940834)1-18] 747913] 4-94 252087| 40 
688972 3-76 940763)1-18 748209 4:94 251791 45 
689198) 3-76 940693)1-18} 748505} 4-93 251495} -44 
689423| 3-75 940622)1-18} 748801} 4-93 251199| 43 
689648) 3-75 940951|1-18| 749097} 4-93 rene) 42 
689873) 3-75 940480)1-18] 749393} 4-93 250607} 4! 
690098} 3-75 940409|1-18) 7496 4:93 250311| 40 
9:690323) 3-74 | 9-940338/1-18 Beqaeo8s 4-93 |10-250015) 39 
690548) 3-74 940267)1-+18} 750281] 4-92 249719] 38 
690772! 3-74 940196)1-18} 750576] 4-92 249424) 37 
690996, 3-74 9401251-19| 750872} 4-92 249128} 36 
691220) 3-73 940054)1-19| 751167] 4-92 248833} 35 
691444) 3-73 939982|1-19| 751462) 4-92 248538} 34 
691668} 3-73 googt! I-19} 751757} 4-92 248243} 33. | 
691892) 3-73 939840|1-19| 752052] 4-91 247948] 32 
692115] 3-72 939768|1-19] 752347] 4-91 247653] 31 
692339} 3-72 939697|1-19| 752642) 4-91 247358} 30 
9:692562| 3-72 | 9-939625|1-19] 9-752937} 4-91 |10-247063) 2 
692785} 3-71 939554/1-19} 753231} 4-91 246769! 2 
693008] 3-971 939482|1+19} 753526} 4-91 246474| 27 
693231) 3-71 939410|1-19] 753820} 4-90 246180] 26 
693453) 3-71 939339|1-19 754115} 4-90 245885 29 
693676] 3-70 939267|1+20 ayiey 4-90 245591] 24 
693898} 3-70 939199|1-20] 754703] 4-90 245297} 23 
694120] 3-70 939123|1-20| 754997] 4-90 245003) 22 
694342} 3-70 939052|1 +20 795291 4-90 244709} 2i 
694564| 3-69 938980|1-20| 735585 4-89 244415| 20 | 
9694786} 3-69 | 9-938908)1-20} 9-755878} 4-89 |10-244122) ! 
695007} 3-69 938836)1-20} 756172} 4-89 243828] 1 
695229} 3- 938763|1-20} 756465} 4-89 243535] 17 
695450] 3-6 938691|1-20} 756759} 4-89 243241} 16 
695671| 3-68 938619)1-20} 757052; 4-8 242948) 16 
695892] 3-68 938547|1-20} 757345] 4-8 242655}; 14 
696113) 3-68 938475|1+20] 757638} 4-88 242362| 13 
696334) 3-67 938402|1-21| 757931} 4-88 242069) 12 
696554} 3-67 938330|1-21 758224) 4-88 241776, V4 
696779| 3-67 938258|1-21] 758517) 4-88 241483/ 10 | 
9:696995| 3-67 | 9-938185]1-21} 9-758810) 4-88 |10-241190) 9 
697215} 3-66 938113/1-21| | 759102] 4-87 240898] 8 
697435! 3-66 938040|1- 21 39395 4:87 240605) 7 
697654| 3-66 937967|1-21} 759687} 4-87 240313} © 
697874] 3-66 937895|1-21} 759979} 4:87 240021} 5 
698094 3-65 937822|1-21| 760272) 4-87 239728) 4 
698313: 3-65 9377491 +21 760564) 4-87 239436' 3 
698532; 3-65 937676|1-21 760856| 4-86 23y144) 2 | 
698751} 3-65 937604} 1-21 61148, 4-86 238852! by 
698970, 3-64 | 937531]1-21| 761439 4-86 gu BSB50 1, 20. | 
Cosine D.- | Sine {60° Cotang. | D. | Tang. , Me 


48 (30 DEGREES.) A TABLE OF LOGARITHMTE 


M.| Sime | 105 Cosine | D.| Tang. Dy Cotang. |__ 
0 | g-698970 3-64 | 9-937531 1-21! 9-761439) 4-86 |10-238561 60 
I z 6a5res) 3-64 937458 1-22} 761731} 4-86 238269) i} 
2 699407, 3-64 937385,1+22| 762023; 4-86 S197 12 
3 699626, 3-64 ; 9373121-22] 762314) 4-86 237685; 57 
4 699844 3-6 , 9372381-22| 762606) 4-85 237394. 5¢ 
5 | 700062) 3-03 937165'1-22 vee 4°85 237103; 55 
6} 700280 3-63 937092.1-22| 763188) 4-85 236812 34 | 
1 700498} 3-63 937019 1-22 763479] 4:85 236521: 53 
8 | 700716] 3-63 936946,1-22| 763770, 4-85 90330) 52 
9 | 700933} 3-62 936 72, 1-22| 764061; 4-85 as3o89 51 
10 qor1s1| 3-62 936799) \1+22 764352| 4-84 235648 5o 
II | 9-701368| 3-62 99367261 1+22| 9+764643| 4-84 |10+235357| 4 
12 701585| 3-62 936652! 1-23} 764933} 4-84 235067) 4 
13 701802| 3-61 936578 1-23! 765224. 4-84 234776) 47 
14 702019} 3-61 936505 1-23! 765514) 4-84 234486) 46 
15 702236] 3-61 936431 .:-23| 765805) 4-84 234195) 45 
16 702452| 3-61 936357'1-23; 766095} 4-84 233905, 44 
I 702669 3-60 936284 1-23) cS 4-83 233615; 43 
I 702885] 3-60 936210.1-23! 766675) 4-83 233325) 42 
19 703101| 3-60 936136,1-23 766 5} 4-83 233035) 41 
20 703317] 3-60 936062)1-+23 eae 4:83 232745. 40 
21 | 9-703533} 3-59 | 9-935988\1-23! 9-767545| 4:83 |10-232455. 3 
22 703749} 3-59 935914)1-23| 767834] 4-83 232166 3 
23 703964} 3-59 93584 oj1-23| 768124! 4-82 231876; 37 
24 704179} 3-59 235766 1+-24{ 768413} 4-82 231587, 36 
25 704395} 3-5 935692|1+24| 768703) 4-82 231297, 35 
26 704610} 3-5 935618|1-24 ieee 4-82 231008) 34 

2 704825} 3-58 935543)1-24) 769281) 4-82 230719) 33 

2 705040} 3-58 935469|1-24] 769570] 4-82 230430! 32 

29 705254) 3-58 935395|1-24| 769860} 4-81 230140) 31 

30 705469} 3-57 935320)1-24| 770148] 4:81 229852) 30 

31 | 9-705683} 3-57 | 9-935246]1-24) g+770437| 4:81 |19-229563] 2 

32 705898} 3-57 935171|1-24| 770726] 4-81 229274; 2 
33 qob112| 3-57 935097|1-24} 771015) 4-81 228985} 27 

34 7106326} 3-56 psS078 1-24] 771303} 4-81 228697} 26 

35 706539] 3-56 93404 1-24) 7715 4-81 228408) 25 - 

36 706753 3-56 Pais 31-24 77 1880 4-80 228120! 24 

37 706967| 3-56 934798!1-25| 772168) 4-80 227832! 23 

38 707180} 3-55 934723|1-25| 772457} 4-80 227543| 22 

39 707393} 3-55 934649|1-25] 772745} 4-80 227255] 21 

40 707606} 3-55 934574|1-25| 773033] 4-80 226967] 20 

41 | 9-707819} 3-55 | 9-934499|1-25] g- ayaaar 4:80 |10-226679} 1 

42 708032| 3-54 934424|1-25} 773608] 4-79 226392] 4 

43 708245| 3-54 934349|1-25 Et 5 4:79 226104) 1 

44 708458} 3-54 934274)1-25) 774184) 4:79 225816} 1 

45 708670| 3-54 934199|1-25} 774471| 4:79 225529] 15 

46 708882} 3-53 934123|1-25} 774759} 4-79 225241] 14 

47 Jogo94' 3-53 934048)1-25) 775046} 4-79 a Be 13 

48 |. 709306! 3-53 Beagle 1-25} 775333) 4-7 4667! 12 

49 Jo9518) 3-53 933 98)1- 26 775621| 4-7 nasa II 

5o 709730| 3-53 933822)1-26) 775908} 4-78 224092) 10 

51 | 9-709941| 3-52 | 9-93374711-26) 9:776195) 4-78 |10-223805 

52 710153} 3-52 933671)1-26; 776482) 4-78 223518 8 

53 710364, 3-52 9335961 - 26 Tore 4°78 223231) 7 

54 one 3-52 933520!1- 26 qT aRe 4°78 222945| 6 

55 710786} 3-51 933445}1-26| 777342) 4-78 222658: 5 

56 710997! 3-51 chee 1-26, 777628 4-77 2213792 --4 

5 711208} 3-51 933293|1-26' = 777915: 4°97 222085 3 

5 711419; 3-51 933217|1-26; 778201] 4-77 221799 «2 

59 711629) 3-50 933141 1-26 778487 4°77 29151221 

60 | 711839) 3-50 933066)1-26| 778774! 4-77 221226 o 

__| Cosine | -D. | Sine (59°! Cotang. D.__\__ Tang. -|) Me | 
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SINES AND TANGENTS. (31 DEGREES.) >} 
——— Jotang. 
Se ee | Comme. | 4 
To] Sine Se AS 6 B54 4-77 10+221226! 60 
=e 11839 3.50 9933056 1+206° y-77 fle rant 220940) 5 
ies isaase 3-50 |  9329901-+27, — 779060 a 220654 5 
we epee 3-50 | 932914)1-27) 779346, ae 3 1 220368: 57 
Pays ae 932838 1-27) cae ola 220082| 56 
| ee eoG 3-4 | 932762'1-27| 77991 | 4 Dy, o1 7| 55 
Si aeekt ae Salen) ees ee a etle 
: 713098 349 | Load ee ee 446 eee > 
| ca 25. I | : 18940! 52 
Bi asiq 3a 932457 1-97 egal Geek areees Ri 
= 4 32380 1-27 wal 8369! So 
9 713726 3-48 ey 1-27 781631) 4-75 21 os 
10 T3935) -9-8 ey o38 1-27 9-781916 4-75 pone 4 4 | 
it 9-714144 3-48 As 511-27 - 782201, 4-75 20199 Y 
“s 314352 3-47 g32151 g 89486] 4-75 217914) 47 
I e , 32075. 1-2 O24 5 217229) 46 
i3 714561, 3-47 95 8)1-28) 782771! 4-75 ey 45 
14 714769) 3-47 Sere eae 783956} 4-75 ae 44 
15 | 714978) 3-47 931845|1-28| 483341] 4-75 2163741 43 
16 | 715186, 3-44 33.1768|1.28 793626] 4-74 Bed An 
: Hite $8 | SebU Md G3, | Se & 
11° 415809, 3-46 Ro ee Jee 
19 | ‘eet 3-46 | 931537 1-28 fe 4-74 |10+-215236| 3 
21 | 9-qi6aa4| 3-43 9-931460'1-28 *78i048) 4-74 | 214952) 3 
21.4 9°71 “| 3-45 931383 1-28 JOPOS 3 214668) 37 
| 22 | esd 545 931306 1-28 aaa 3 214384) 36 
z 7 ane 31229 1-29" = 78561 =i 214100} 35 
24 | gaa Se | Bas 1-29 785900) Ss 213316 = 
2 oy 31075 1-29 (eels 3432 
he Ay a ec ets oR Tanai al Se 
27 | gate ee 930921 1-29 786752 oss 212964) 31 
fo) Tyg Sag | ik tap Terese) Gnd | ayia 3 
29 | 717379 3.43 930766 1-29 787319 sais ;10+212397| 29 
30 | 718085; 3.43 9:930688 1-29 9-787603 “a3 912114 28 
31 | 9718291: 3.423 930611 1-29] 787886 Gon 211830] 27 
33 TuBrod) 3:48 | 920533 1-29 resis] aye | 2115eq 20 
0456|1-29} _ 7884: : 211264) 2 
ee ter ieee S 530378 1-29 ee ee 210981| 24 | 
35 | 719114 3-42 930300/1-30' 789019 ee 210698) 23 
pee Se 930223)1-30 789302 4y1 | 210415) 22 
37 119525) aes 930145|1-3o) 789585 el 210132) 21 | 
38 719730) 3-41 930067 1-30; 789868 eS 209349) 20 
| 39 | 719935 ey 929980 1-30! 790151 ee 10209567) 1 
40 720140) 3-41 | 9*92Q911 1-30) 9-790433 A 209284) 1 
41 | 9°720345, 3-41 929833)1-30] 790716 iy 209001| 17 
42 720549, 3.40 929755,\1-30; 799999 Des 208719} 16 
| 43 | 720754) Se 9296077,1-30) 791281 25 208437) 15 
Bee areal Saal seno5ou Fae 73r8ao, 4-fo | 208134) 14 
‘45| 721162 a 929521\1:30; 791846 is 207872| 13 
46 721366 rae 929442)1-30, 792128 tito 207590| 12 
47 des Jax5q0 3.3 929364|1-31| 792410 Se 207308) 11 
4 721774 come 929286\1-31 792692 dike 207026} 10 
49 721978 be | 929207)1-31 ey 4-70 |10+206744 3 | 
50 722181 ae | 9+929129'1-31| 9-7932 8| 4-69 206462 
Stn 9g77300 ta 2) 929050,1-31| 79353 4-69 | 206181] 7 
lide ieee 928972/1-31| 793819 4:69 | 205899! 6 
53 722791 3.38 998893}! -31 794101 5-69 205617; 5 
Paring B22994) -2-38 | 928815|1+31) 794383 465 205336 4 
55 | 723197/ 3.38 28736/1-31 T9ASbs 1:6 205055| 3 
6 723400 33 928657/1-31] 794945 356 204773) 2 
57 | 723603] 3-37 EOC Siete eal et gener eee 
23805} 3-37 9 31 95508) 4 z/ 20 
5) 7 3-37 - _928499|1 7 5 4-68 204211) 0 
5 724007 3-37 | 928420/1-31 ___199789 | Tang. | M. 
60 | 724210 [Sine [559 Cotang. | peas 
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(32 DEGREES.) A TABLE OF LOGARITHMIC 


Sine 1B). Cosine | D.| Tang. 
+724210) 3-37 -928420,1-32| 9-799789 
? Taaats 3-37 ? 928342|1-32 7196070 
724614] 3-36 928263)1-32| 796351 
724816} 3-36 928183|1-32} 796632 
725017} 3-36 g28104|1-32| 796913 
725219} 3-36 928025/1-32 197194 
725420| 3-35 927946|1-32} 797479 
725622| 3-35 927867|1-32| 797799 
725823) 3-35 927787'1-32| 798036 
726024) 3-35 927708|1-32| 798316 
726225) 3-35 927629/1-32| 798596 
9-720426| 3-34 | 9-927549|1-32| 9-798877 
726626] 3-34 927470|1-33} 799197 
726827} 3-34 927390|1-33| 799437 
727027! 3-34 927310|1-33| 799717 
727228] 3-34 927231\1-33 99997 
727428) 3-33 927151/1-33 00277 
727628| 3-33 927071\1:33| 800557 
727828) 3-33 926991|1-33| 800836 
728027| 3-33 926911\1+33| 801116 
728227| 3-33 926831|1-33| 801396 
9728427] 3-32 | 9:926751|1-33| 9:801675 
728626] 3-32 926671|1+33} 801955 
728825) 3-32 926591\1-33; 802234 
729024) 3-32 926511/1-34| 802513 
729223) 3-31 926431|1-34} 802792 
729422) 3-31 926351\1-34| 803072 
729621} 3-31 926270)1-34| 803351 
529820) 3-31 926190)1-34 803630 
730018} 3-30 926110)1-34} 803908 
730216| 3-30 926029)1:34] 804187 
9-730415| 3-30 9°925949|1-34| 9°804466 
730613| 3-30 9258651 +34) 804745 
730811] 3-30 925788|1-34| 805023 
731009] 3-29 925707|1+34| 805302 
731206] 3-29 925626)1+34| 805580 
731404] 3-29 925545|1-35| 805859 
731602| 3-29 925465|1-35} 80613 
731799| 3:2 925384|1-35 806415 
731996] 3-2 925303|1-35| 806693 
732193} 3-28 925222/1-35} © 806971 
aces 3-28 | 9-925141|1-35| 9-807249 
732587| 328 925060|1+35) 807527 
732784) 3-28 924979|1-35| 807805 
732980| 3-27 924897|1-35) 808083 
733177| 3-27 924816,1-35} 808361 
733373) 3-27 924735/1-36} 808638 
ae 3-27 924654/1-36} 808916 
733765| 3-27 924572)1-36| 809193 
733961} 3-26 924491\1-36| 809471 
734157| 3-26 924409}1-36| 809748 
9:734353} 3-26 | 9-924328)1-36] 9-810025 
734549] 3-26 924246)1-36) 810302 
934744) 3-25 924164|1-36] 810580; 
734939| 3-25 924083}1-36) 810857 
735139} 3-25 924001|1+36) 811134 
1935330] - 3-25 p39 1.36 811410 
735525) 3-25 923837\1-36; 811687 
735719; 3-24 923759)1-37} 811964 
735914) 3-24 ° 923673\1-37) 812241 
736109} 3-24 923591\1-37| 812517 
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4:68 
4:68 
4-68 
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Cotang. | 
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10 
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195813) 30 
-195534| 2 
195255} 2 
194977! 27 


Sine 1579. Cotang. ‘ ang. } 


204211: 60 
203930 5 
203649. 5 
203368; 57 
203087; 56 
202806; 55 
202525} 54 
202245, 53 
201964, 52 
201684! 51 
201404! 5o 
201123] 4 
200843} 4 
200563] 47 
200283) 46 
200003} 45 
199723) 44 
199443| 43 
199164) 42 
195884) 41 
198604) 40 


+198325] 39 


198045, 38 
197766} 37 
197487| 36 
197208; 35 
196928) 34 
196649] 33 
196370) 32 
196092) 31 


194698) 26 
194420) 25 
IQ4141| 24 
193863] 23 
193585) 22. 
193307} 21 
193029] 20 


+192751| 1 


192473] 1 
192195} 1 
191639) 25 
gi I 
are lj 
191084) 13 
190807] 12 
190529; 11 
I e252 10 
oT 

189698 8 
189420 
189143 
188866 
188590 
188313 
188036 
187759, 
187483, 
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SINES AND TANGENTS. (33 DEGREES.) 6] 


[ M. Sine D. Cosine | D.| Tang. D. Conner es 
j +736109| 3-24 +923591|1-37| g-812517| 4-61 |r0-187482 
; : 73630 3-24 i ga350ghH <3 812794| 4-61 bes : 
2 736498) 3-24 923427|1-37| 813070] 4-61 os : 
3 736692! 3-23 923345)1-37]  813347| 4-60 aaa 4 
4 536886 3-23 923263}1-37| 813623 4-0 eg 17 ‘4 
5 737080] 3-23 923181|1-37] 813899 eg Fen y 
6 737274| 3-23 g23098|1-37} 814179 ce ee Blige 
7 737467| 3-23 923016|1-37} 814452 4-60 oe » 
8 737661| 3-22 922933\1-37| 814728 ae i 72 a 
9 737855| 3-22 922851}1-37| 815004 gt or zt 
10 738048} 3-22 922768)1-38) 81527 eet a es 
It) 9-738241| 3-22 | 9-922686|1-38) 9-81555 a iene. 43 
12 738434) 3-22 922603}1-38 815831 ee eee s 
3 738627} 8-21 922520!1-38} 816107 ee sed: ay 
14 738820] 3-21 922438)1-38 gee -9 83340 48 
15 739013} 3-21 g22355)1-38 Bre > — 1B30eql 48 
16 739206} 3-21 922272|1+38] 8169 a) rape a 
SP ee eM oe ae mec hee Ss ae topes 
18 Bears 20 g22106/1- : i 
: 3} 1-38 817759] 4-5 182241 
s Che oie Loe 818035) 4-5 181965} 40 
20 739975} 3-20 soe 1-38 Sre0a) Ses onset 
21 | 9-740167| 3-20 | 9-921857/1-39) 9: ee a 1reee| 38 
22 40359] 3-20 921774|1-39} 818 | ; 
eee | ake eee 2s | Bel} 
ge tisoee : : 35 
ee oe | ES foes 8 | aoa & 
of Se '39| 819959| 4-58 | 180041! 33 
27 741316] 3-1 921357 ee : 9939 4.56 -aeenoo| 3a 
28 741508] 3-1 921274 — ppoiss ae ttn 
29 741699] 3-18 g21190 ee 890783 459 aroces es 
te) 41889} 3-18 921107/1-39 07 : 
31 | g-tazo89| 3.18 P Seogdgtcso) Sassy] abr | yes @ 
ee tet adel eerie 2 -40| 821606} 4-57 | 178394) 27 
33 42462| 3-17 920856}1- 40 I ; a Sl 
ee ag | See mae oo |e 
36 15033 au osoduces Banda 4°57 177571 Z 
se SS : 82270 4-57 177297| 2 
3 943223| 3-17 920520|1- 40 : ee oa 
43413} 3-16 920436}1-40 22977 : panes 
39 bod 3-16 920352|1-40 B2iato ee si = 
go ws7gty 333 ig 823798} 4-56 |10-176202! 1 
eee] Oe eee cee oe eee 
Sh Fad ik 35 Q ; 824345| 4-56 | 175655] 17 
43 744361, 3-15 920015/1-40 ork oe 15381/ 16 
44550| 3-15 919931|1-41 4 = atheist 
‘3 144133 ieee ee S280) 4.56 | 44834) 14 
46 744928) 3-15 g19762)1-41 eis iak ees sea5er a3 
4 245117 3-15 919077 )1-41 ae ig aoe seas 
A 745306] 3-14 Bi9593)x-41) Sons ie =e Oa 
fe al ee ieee wet 80 tag ear ea a a 
50 745683) 3+14 919424)1-41 assed 4038” non teaeee 
i 51 | 9°745871| 3-14 | 9-919339/1-41| 9 Sone bee aca ee, 2 
: 5a 7460 3-14 g1g9254|1-41 Aa ae ae i 
53 | 746248} 3-13 ie ae ge gal eqs o5 eves 
34 ie 3.13 cs el Sir 82/604 4:55 172376 ; 
35 ne : +5 17210 
56 776812 3-13 g18915/1-42 £21591 ee 11830 3 
5 746999| 3-13 918830/1+42 easing ies ron5oee a 
38 sassy 3-12 Ie +42 ae Paaaes 
59 747374| 3-12 | g18659)1-42 4 308 4:58 igroral. 8 
60 747562| 3:12 9185741 - 42 20997 beso, 


~~ | Gosine | _D. | Sine 156° Cotang.| D. | Tang. | M. 


62 (34 DEGREES.) A TABLE OF LOGARITHMIC 


Sine D. Cosine | D.| T Cotang. 
°747562| 3-12 -918574|1-42| 9:828987| 4:54 |10-171013) 60 
2 ar i49 3-12 a1Bi89 1+42| 829260} 4-54 170740 3 
747936| 3-12 g18404)1+42} 829532} 4-54 170468) 5) 
748123) 3-11 918318|1-42| 829805} 4-54 170195] 5 
748310] 3-11 918233|1-42| 830077) 4:54 169923) 5! 
748497]| 3-11 918147|1-42| 830349] 4:53 169651} 55 
748683] 3-11 918062\1-42| 830621} 4-53 169379} 54 
748870| 3-11 917976|1+43| 830893) 4-53 169107} 53 
749056| 3+10 917891|1-43 831165) 4-53 168835} 52 
749243| 3-10 917805}1-43} 831437) 4:53 168563) 51 
749429| 3-10 917719|1-43} 831709} 4:53 168291] 5o 
9749615} 3-10 | 9-917634/1-43| 9-831981| 4:53 |ro-1680I9) 4 
749801| 3-10 917548|§-43} 832253) 4-53 tray 4 
749987| 3-09 917462|1-43} 832525) 4-53 167475) 47 
750172|. 3-0¢ 917376|1-43| 832796) 4-53 167204} 46 
750358) 3-09 917290!1-43| 833068) 4-52 166932} 45 
750543; 3-09 917204|1-43} 833339} 4-52 166661} 44 | 
790729, 3-0 g17t18|1-44) 833611) 4-52 166389} 43 | 
750914) 3-0 917032)1-44| 833882) 4-52 166118] 42 
751099 3-08 prvese 1-44 834154} 4-52 165846] 41 
751284! 3-08 g16859|1-44' 834425) 4-52 165575] 4o 
9°751469 3-08 | 9-916773|1-44] 9:834696| 4-52 |r0-165304) 3 
751654 3-08 916687]1-44| 834967) 4-52 165033} 3} 
75183 3-08 g16600]1-44, 835238] 4-52 164762| 37 
752023} 3-07 g16514|1-44) 835509} 4-52 164491| 36 
752208; 3-07 916427|1-44| 835780) 4-51 164220] 35 
752392| 3-07 g16341|1-44 836051] 4-51 163949] 34 
752576] 3-07 916254)1-44| 836322} 4-51 163678} 33 
752760} 3-07 916167/1-45| 836593) 4-51 163407] 32 
752944} 3-06 916081|1- 45 836864) 4-51 163136] 31 
753128] 3-06 915994/1-45 837134) 4-51 162866] 30 
9-753312| 3-06 | g+915907|\1-45| 9837405] 4:51 |10-162595 2 
753495} 3-06 915820]1-45| 837675} 4-51 162325] 9! 
753679} 3-06 915733/1-45| 837946} 4-51 162054| 2 
753862] 3-05 915646|1-45) 838216} 4-51 161784 ae 
754046] 3-05 915559) -45 838487] 4-50 161513] 25 
754229} 3-05 915472|1-45| 838757] 4-50 161243) 24 
794412] 3-05 915385|1-45| 839027] 4-50 160973} 23 
754595} 3-05 915297|1-45| 8392 i 4:50 160703] 22 
754778] 3-04 915210/1-45} 839568} 4-50 160432] 21 
754960] 3-04 915123\1-46] 839838} 4-50 160162! 20 
9°795143) 3-04 | 9+915035]1-46| 9:840108] 4-50 |10-159892] 1 
755326} 3-04 914948|1-46| 840378] 4-50 159622! 1 
755508] 3-04 514860 1-46} 840647] 4-50 159353] 
755690] 3-04 91773 1-46} 840917} 4-49 159083] 3 
755872) 3-03 914685|1-46| 841187} 4-49 158813} 315 
756054) 3-03 9145981 -46 841457} 4-49 158543] 314 
756235) 3-03 g14510|1-46| 841726} 4-49 158274] 13 | 
75618] 3-03 914422|1-46] 841996] 4-49 158004] 12 
796600} 3-03 914334|1-46} 842266) 4-49 157734] 11 
756782] 3-02 914246|1-47 842535] 4-49 157465] ro 
9°756g63) 3-02 | 9:914158/1-+47| 9842805] 4-49 |10-457195 
757144) 3-02 914070|1-47| 843074) 4-49 156926 8 
757326} 3-02 Hee 2|/1-47| 843343] 4+49 15665 
71575v7| 3-02 913894|1+47| 843612 ee 15638 4 
757688} 3-01 913806)1-47] 843882] 4-4) eat 5 
757869) 3-o1 913718/9-47} 844151] 4-48 155849] 4 
758050} 3-01 913630]1-47] 844420) 4-48 155580} 3 
758230) 3-o1 913541|1+47| 844689} 4-48 1593112 
758411| 3-01 913453|1 +47 844958 4-48 155042) 1 
758591| 3-01 913365\1-47) 845227} 4-48 154773] 0 
Corine Dp. Sine 185°! Cotang. D. Tang. | M 


Le ails mee te 


SINES AND TANGENTS. (35 DEGREES.) 53 


ee | Cosine Tang. 
0 | 9°758591} 3. *913365]1+47| 9°845227| 448 
I 798772| 3. % 913276|1+47| 845496] 4-48 
2} 758952) 3- 913187|1-48| 845764] 4-48 
3} 759132] 3. 913099|1-48] 846033] 4-48 
4 799312) 3- gi3o10]1+48} 846302] 4-48 
5 759492| 3. 912922|1-48| 846570] 4-47 
6 | 759672) 2- 912833|1-48| 846839] 4-47 
7 | 799892] 2- 912744|1-48| 847107] 4-47 
8 760031} 2+ 912655|1-48| 847376} 4-47 
9 760211; 2- g12566|1-48| 847644] 4-47 
Io 760390 2: 912477 1-48 847913 4°47 
It | g-760569] 2- 9+912388|1-48] 9-848181| 4-47 
12 760748) 2- 912299|1°49| 848449] 4-47 
13 760927] 2: g122I0|1-49| 848717] 4°47 
14 761106) 2- gi2121/I-49| 848986] 4-47 
15 761285} 2- g12031|1-49| 849254) 4-47 
16 761464) 2- QIIg42|1-49} 849522] 4-47 
I] 761642} 2. 911853}1+49| 849790} 4:46 
18 761821) 2- 911763|1-49| 850058} 4-46 
19 761999] 2+ g11674|1+49] 850325] 4-46 
20 762177] 2: 911584|1-49| 850593) 4-46 
21 | 9762356) 2. 9°911495|1-49| 9°850861} 4-46 
22 762534) 2- g11405|1-49} 851129} 4-46 
23 762712] 2. 911315|1-50} 851396} 4-46 
24 762889] 2. 911226|1-50| 851664) 4-46 
25 763067] 2. 911136|1-50| 851931] 4-46 
26 763245) 9- 911046|1-5o ees 4-46 
27 763422} 2. 910956|1-50} 852466] 4-46 
28 763600] 2- 910866|1-50} 852733} 4-45 
29 763777| 2: 910776|1-50} 853001} 4-45 
30 763994) 2- 910686|1-50] 853268} 4-45 
31 | 9+764131] 2- 9:910596|1-50| 9°853535} 4-45 
32 764308) 2- g10506|1-50} 853802} 4-45 
33 764485| 2. gt0415|1-50| 854069} 4-45 
34 764662| 2. g10325|1-51| 854336] 4-45 
35 | 764838) 2- 910235|1-51| 854603) 4-45 
36 765015| 2. gior44|1-51 or 4°45 
3 765191] 2- 910054)1-51 855137} 4-45 
3 765367] 2- 909963|1-51| 855404] 4-45 
33 765544| 2- 909873)}1-51 oat 4-44 
| 40 765720] 2- gog782|1-51| 855938] 4-44 
41 seti e 2- 9-909691|1-51| 9°856204) 4-44 
42 766072] 2- gog601|1-51 856471| 4-44 
43 766247| 2- gog5toj1-51| 856737) 4-44 
44 766423] 2- g09419|1-51} 857004) 4-44 
45 766598] 2- 909328|1-52| 857270) 4-44 
46 766774| 2- 909237|1-52| 857537} 4-44 
47 766949| 2+ gogt46|1-52} 857803) 4-44 
48 767124] 2+ g09055|1+52| 858069] 4:44 
49 767300] 2: 908964|1-52} 858336) 4-44 
50 767475| 2: 908873|1-52| 858602) 4-43 
51 | 9°767649] 2- §-908781|1-52] 9-858868} 4-43 
52 767824) 2- go08690]1-52} 859134} 4-43 
53 767999| 2: 908599|1-52] 859400] 4-43 
54 sebe33 2. go8507|1-52} 859666} 4-43 
55 768348] 2- 908416|1-53| 859932] 4-43 
56 768522) 2- 908324|1-53] 860198) 4-43 
5 768697; 2: 908233/1-53, 860464) 4-43 
5 768871} 2- go8141|1-53| 860730] 4-43 
59 769045! 2+9 908049|1-53| 860996; 4-43 
60 769219) 2° 907958|1-53, 861251) 4-43 
~_|_ Cosine D Sine 154° Cotang | D. 


4 (86 DEGREES.) A TABLE OF LOGARITHMIC 


M.| Sine | 5 Cosine D. | i Coase) 
© | 9+769219| 2+90 -907958)1-53] 9:861261| 4-43  |10+138739} 60 
I , 766308 2-89 oo 66\1-53| 861527] 4-43 138473 a 
2 769566| 2-89 907774|1-53} 861792| 4:42 138208] 5' 
3 769740| 2+89 907682|1-53} 862058) 4-42 137942| 5 
4 769913] 2-89 907590/1-53} 862323) 4-42 137677| 5 
5 770087| 2-8 907498|1-53} 862589] 4-42 137411] 55 
6 770260| 2-8 907406|1-53| 862854) 4-42 137146] 54 
7 770433} 2-88 907314|1+-54| 863119] 4-42 136881} 53 
8 770606} 2-88 907222|/1-54| 863385) 4-42 136615} 52 
9 770779| 2-88 907129|1-54} 863650) 4-42 136350) 51 
10 ! 770952} 2-88 907037|1+54| 863915) 4-42 136085| 5o 
11 | 9771125} 2-88 | 9-906945|1-54| 9+864180] 4-42 |10-+135820} 4: 
12 771298| 2-87 906852\8-54| 364445) 4-42 135555) 4! 
13 771470| 2-87 906760|\1-54, 864710] 4-42 135290} 47 
14 771643| 2-87 906667|1-54| 864975] 4-41 |+ 135025) 46 
15 771815| 2-87 906575|1-54| 865240) 4-41 134760] 45 
16 771987| 2-87 906482/1-54} 865505) 4-41 134495| 44 
17 772159 a) 906389|1+-55| 865770] 4-41 134230] 43 
18} 772331} 2-8 906296|1-55| 866035) 4-41 133965} 42 
19 772503| 2-86 906204|1+55| 866300} 4-41 133700] 41 
20 772675) 2-86 go6rr1|1+55) 866564) 4-41 133436] 40 
21 | 9+772847| 2-86 | 9-906018|1-55| 9°866829| 4-41 |10-133171| 3 
22 773018] 2-86 905925|1+55 paees 4°41 132906| 3 
23 773190| 2-86 905832)1-55| 867358] 4-41 132642] 3 
24 773361} 2-85 905739|1-55) 867623} 4-41 132377| 3 
25 773533] 2-85 905645|1-55| 867887] 4-41 132113] 35 
26 773704) 2-85 905552|1-55| 868152) 4-40 131848} 34 
2 723675 2-85 905459|1-55| 868416] 4-40 131584] 33 
2 774046| 2-85 905366|1-56) 868680} 4-40 131320} 32 
29 714214 2-85 g05272)1-56} 868945] 4-40 131055) 31 
30 774388} 2-84 905179|1-56 aa 4°40 130794| 30 
31 | 9:774558} 2-84 pigesoeh 1-56} 9:869473] 4-40 10+ 13052 2 
32 774729) 2:84 904992\1+56| 869737) 4-40 130263} 2 
33 774899) 2-84 904898 1-56} 870001] 4-40 129999| 27 
34 775070| 2-84 904804|1-56| 870265) 4-40 sage 26 
35 775240] 2-84 904711|1-56 70529] 4-40 129471| 25 
36 775410) 2-83 go4617|1-56| 870793] 4-40 129207] 24 
3 775580} 2-83 904523|1-56} 871057} 4-40 128943] 23 
3 775750} 2-83 904429|1-57] 871321] 4-40 128679] 22 
39 9775920} 2-83 904335|1-57| - 871585} 4-40 128415] 21 
40 776090} 2-83 904241|1-57| 871849} 4-39 128151] 20 
4v | 9:776259] 2-83 | 9-904147|1-57| 9:872112| 4-39 |10+127888] 1 
42 776429} 2-82 904053|1-57| 872376} 4-39 127624} 1 
43 776598} 2-82 903999 1-57} 872640] 4-39 127360] 17 
44 776768) 2-82 903864)1-57| 872903} 4-39 127097| 16 
45 776937| 2-82 903770|1+57| 873167] 4-39 126833} 15 
46 777106] 2-82 903676|1-57| 873430] 4-39 126570] 14 
4 777275| 2-81 g03581|1-57| 873694) 4-39 126306] 13 
4 717444) 2-81 903487 ee 873957) 4:39 126043} 12 
49 777613} 2-81 903392|1-5 874220] 4-39 125780] 11 
50 777781| 2-81 903298)1-58} 874484] 4-39 125516] 10 
51 | 9:777950| 2°81 | 9+903203|1-58] 9+874747| 4-39 |10+125253 
53 778119] 2-81 903108|1-58} 8-So10} 4-3 124990 8 
§3 778287} 2-80 goso014|1-58} 875273) 4-3 124727] 7 
54 778455| 2-80 go2919|1-58} 875536) 4-38 124464] 6 
55 778624| 2-80 g02824|1-58} 875800] 4-38 124200] 5 
56 T7982 2-80 902729|1-58} 876063) 4-38 123937| 4 
5 7718960] 2-80 g02634/1-58| 876326} 4-38 123674| 3 
a 779128] 2-80 902539)1-59| 876589} 4-38 123411| 2 
59 779295| 2-79 g02444\1-59| 876851) 4-38 123149] 1 
60 | 779463} 2-79 902349|1-59| 877114] 4-38 122886] o 
__| Cosine Dy Sine |539! Cotang. iD; Tang. | Mv 


SINES AND TANGENTS. (37 DEGREES.) 55 


-|__ Sine Cosine | D.| Tang. D. Cotang. | 
© | 9+779463} 2+ Se Abs ire 9°877114| 4-38 |10+122886 
1 779631} 2+ g02253!1-59| 877377] 4:38 122623 
2 79798] 2:3 g02158|1-59] 877640} 4-38 122360 
3 779966] 2: g02063)1-59} 877903} 4-38 122097 
4 780133} 2> 901967|1-59} 878165} 4-38 121835 
$ 780300) 2: g01872\1-59| 878428} 4-38 121572 
6 780467| 2° aa 1-59] 878691; 4-38 121309 
7 780634] 2- go1681/1-59 878953 4°37 121047 
8 780801} 2: g01585)1-59} 879216) 4-37 120784 
9 780968) 2: g01490|1-59| 879478) 4:37 120522 
1) 781134) 2° g01394\1-60} 879741} 4:37 120259 
11 | g:781301] 2- 9:901298|1-60| 9-880003| 4-37 |190-119997 
12 781468} 2 901202|1-60; 880265) 4-37 119735 
13 787634} 2 g01106)1-60} 880528} 4:37 119472 
14 781800) 2° go1010)1-60} 880790] 4:37 I1g210 
15 781966} 2°77 go0gt4)1-60| 881052) 4:37 118948 
16 782132] 2°77 go0818}1-60| 881314) 4-37 118686 
I 782298) 2°76 900722)1-60) 881576) 4:37 118424 
782464) 2-76 900626/1-60| 881839, 4:37 118161 
782630] 2°76 poet I-60] 882101} 4:37 117899 
782796| 2-76 900433|1-61| 882363) 4-36 119657 
9-782961; 2:76 | 9:900337|1-61| 9-882625) 4:36 |10-117375 
783127} 2:76 g00240]1-61 882887} 4:36 117113 
783292} 2°75 go0144/1-61 883148} 4-36 116852 
483458 2°75 00047/1-61 883410] 4-36 116590 
783623) 2°75 Booght 1-61| 883672] 4-36 116328 
783788} 2°75 899854)1-61) 883934) 4-36 116066 
783953) 2°75 899757|1-61| 884196] 4-36 115804 
784118] 2°75 899660)1 +61 884457 4°36 115543 
784282) 2°74 899564|1-61| 884719] 4:36 115281 
784447| 2°74 899467|1-62| 884980} 4:36 115020 
9+784612| 2°74 | 9°899370)1-62| 9-885242| 4:36 |10-114758 
784776| 2°74 899273|1-62} 885503} 4-36 Sel 
784941| 2°74 899176|1-62| 885765} 4-36 114235 
785105| 2-74 899078)1-62} 886026] 4-36 113974 
785269] 2°73 89 gt 1-62} 886288) 4-36 113712 
785433| 2-73 898884|1-62} 886549} 4:35 113451 
785597| 2°73 898787|1-62} 886810] 4-35 113190 
785761) 2-73 898689|1-62) 887072] 4:35 112928 
785925) 2-73 898592|1-62) 887333) 4:35 112667 
786089] 2-73 898494|1-63 peeee 4°35 112406 
9°786252| 2-72 | 9+898397|1-63) 9-887855| 4-35 |1o-112145 
786416| 2-72 898299/1-63) 888116) 4-35 111884 
786579| 2:72 898202|1-63] 888377] 4-35 111623 
786742| 2-72 898104)1-63) 888639] 4-35 111361 
786906] 2°72 898006|1-63] . 888900] 4:35 111100 
787069} 2-72 897908|1-63) 88160] 4-35 110840 
787232} 2-71 897810|1-63| 889421] 4:35 Seer) 

787395| 2-71 897712|1-63| 889682] 4-35 11031 

181557 2-71 897614)1+63| 889943] 4-35 110057 
787720] 2:71 897516|1-63| 890204) 4:34 elke 
9°787883} 2-71 | 9+897418|1-64| 9-890465} 4-34 |10-109935 
788045) 2-71 897320/1-64| 890725} 4:34 109275 
788208] 2-71 897222|1-64| 890986) 4-34 109014 
788370| 2-70 897123\1-64| 891247] 4:34 108753 
788532] 2-70 897025|1-64) 891507] 4-34 108493 
788694) 2-70 896926|1-64) 891768) 4-34 108232 
788856] 2-70 896828)/1-64) 892028) 4-34 107972 
789018] 2-70 896729/1-64| 892289] 4-34 107711 
789180] 2-70 896631|\1-64| 892549! 4-34 107451 
789342] 2-69 8965321 +64 f 4:34 107190 

~_| Cosine : i Cotang. Di ea 


26 


56 (38 DEGREES.) A TABLE OF LOGARITHMIC 
| Cosine | D. D. 


Sine Tang. Cctang. 


— |__| | 


° +789342| 2-69 -896532/1-64| 9-892810] 4-34 |10-107190] 60 
I ? tSo504 2-69 896433 |1-65 z 893070] 4-34 RS 2 
2| 789665] 2-69 896335/1265| 893331] 4-34 106669] 5 
3 789827} 2°69 896236)1-65 oes 4:34 106409] 57 
4 89988] 2:69 896137|1-65| 893851] 4-34 106149} 56 
5 790149| 2-6 896038|1-65| 894111] 4:34 105889| 55 
6 790310] 2°6 Bobaso 1-65} 894371] 4-34 105629] 54 
4 790471| 2°68 895840)1-65) 894632} 4-33 105368} 53 
7190632} 2-68 895741|1-65 Se 4:33 105108| 52 
9} 790793} 2-68 895641|1-65| 895152| 4-33 104848] 51 
10 790954| 2-68 895542|1-65| 895412} 4-33 104588} 5o 
II | g:791115| 2-68 | 9-895443)1-66] 9-895672} 4:33 |10-104328) 4 
12 791275} 2-67 895343|1-66| 895932} 4-33 104068] 4 
13 791436] 2°67 8952441 -66 Bobtg2 4-33 103808] 47 
14 791596] 2-67 895145|1-66} 896452) 4-33 103548] 46 
19 791757| 2°67 895045/1-66] 896712] 4-33 103288} 45 
16 791917| 2°67 894945|1-66| 896971) 4-33 103029| 44 
17 792077| 2:67 894846|1-66| 897231) 4-33 102769] 43 
18 792237| 2-66 894746|1 -66 ile 4-33 102509] 42 
19 792397| 2°66 894646)1-66} 897751} 4-33 102249] 41 
20 nae 2-66 894546)1-66} 898010) 4-33 meek 40 
21 S190 2:66 | 9-894446|1-67| 9-898270) 4-33 |10-101730} 3 
22 7192876] 2-66 894346|1-67| 898530} 4-33 ~ 101470] 3 
23 793035| 2-66 894246|1-67| 898789}. 4-33 ro1211| 3 
24 793195| 2-65 894146|1-67| 899049} 4-32 100951| 3 
25 703364 2-65 894046|1-67} 899308) 4-32 100692| 35 
~26 793514, 2-65 sosgns 1-67 899568} 4-32 100432] 34 
27 | = 793673) 2-65 893846}1-67| 899827} 4-32 100173} 33 
2 793832| 2-65 893745|1-67| 900086} 4-32 099914] 32 - 
29 793991| 2:65 893645|1-67| 900346] 4-32 099654] 31 
30 ee 2-64 893544|1-67| go0605) 4-32 099395] 30 
31 | 9+794308) 2-64 | 9-893444|1-68] 9-900864} 4-32 10-09 136 2 
32 bere 2-64 893343|1-68} go1124| 4-32 068876 2 
33 79462 2-64 893243)1-68 901383} 4-32 098617| 2 
34 7194784| 2-64 893142)1-68] go1642} 4-32 098358 2 
35 7194942| 2-64 893041|1-68}  go1go1| 4-32 098099] 25 
36 795101] 2-64 892940|1-68]  go2160} 4-32 097840] 24 
3 795259} 2-63 892839/1-68}  g02419| 4-32 097581] 23 
3 799417| 2-63 892739|1+68] 902679] 4-32 097321| 22 
39 795575| 2-63 892638) 1-68 902936 4:32 097062) 21 
40 795733| 2-63 892536) 1-68 pene 4:31 096803} 20 
41 | 9+795891| 2-63 | 9+892435)1-69] 9:903495| 4-31 |10-096545] 1 
42 796049| 2-63 892334|1-69] 903714) 4-31 096286) I 
43 796206}. 2-63 892233}1-69] 903973) 4-31 096027] I 
44 796364} 2-62 892132|1-69] 904232} 4-31 0096768 I 
49 796521| 2-62 892030] 1-69 es 4-31 095509} 15 
46 | 796679| 2-62 aoe 1-69] 904790} 4-31 095250] 14 
4 796836} 2-62 891827|1-69)  go5008} 4-31 094992] 13 
4 796998 2-62 891726|1-69) 905267) 4-31 ee 12 
49 797150| 2-61 891624|1-69| 905526) 4-31 094474| IT 
5o 797307| 2°61 891523|1-70} 905784) 4-31 094216] 10 
51 | 9+797464| 2-61 g:891421}1-70} 9°906043) 4-31 |10+09395 : 
52 797621} 2-61 891319)1-70} 906302) 4-31 ogtegs 
53 197777| 2:61 891217\1-70| 906560] 4-31 093440 
54 197934] 2-61 891115]1-70] 906819] 4-31 093181 
55 798091| 2-61 891013]1-7o| 907077) 4:31 092923 
56 798247| 2-61 890911|1-70] 907336) 4-31 092664 
i 798403| 2-60 890809) 1-70 gored 4°31 092406 
798560} 2-60 8g90707|1-70} 907852] 4-31 092148 
59 | 798716| 2-60 890605|1-70] go8r111} 4-30 0918 
798872| 2-60 890503]1-70| 908369] 4:30 091631 


SINES AND TANGENTS. 


Sine 


Cosine 


OD COD Dorr wr mm Oo] f 


9-798872 
7199028 
799184 
799339 
79949) 
799691 
799806 
799962 
800117 
800272 
800427 

9800582 
800737 
800892 


801047 
801201 
801356 
801511 
801665 
801819 
801973 
9802128 
802282 
802436 
80258 
802743 
802897 
Bo3080 
803204 
803357 
803511 
9°803664 
803817 
803970 
804123 
804276 
804428 
804581 
804734 
804886 
805039 
9° 805191 
805343 
805495 
09799 
805951 
806103 
806254 
806406 
806557 
9: 806709 
806860 
807011 
807163 
807314 
807465 
807615 
807766 
807917 
808067 


Cosine 


© 


NNNNNNWYDNHONNNNNYNNNNNNNNNNNNNNN YD 
a). ety dt WiGt Tort tet Viet! fot TaN "oh caintaw te?) 5! 0) of Toh lo fot ie? So? Va® Tel ‘at gf oi Tut Wanna 


ve) 


ho) 


MCNNNNHYNNNYNNNNYNNNYHONNNNYNNNNNYNNNHNNNDN 
Se Suen Felmal Shel aMNUR GRIMES! -0)\ ai ar eth of Meh lee sh oe [eh iial, el iste? of br « e' 


9: 


-889374 


888341 


-8873062 


.886257 


9: 885205 


890503 
890400 
890298 
890195 
890093 
889990 
889888 
889785 
889682 
889579 
889477 


889271 
889168 
889064 
885961 
888858 
888755 
888651 
888548 
888444 


888237 
888134 
888030 
887926 
887822 
887718 
887614 
887510 


887198 
887093 
886 
88688 
886780 
886676 
886571 
886466 
886362 


886152 
886047 
885942 
885837 
885732 
885627 
885522 
885416 
885311 


Bgneo 
884994 
8886 

884786 
884677 
884572 


884466}1- 
884360)1- 
884254 


I 
i 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
887406|1- 
I 
I 
I 
I 
I 
I 
I 
iT 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 


(39 bearuzs.) 

Tang. D. Cotang. } 
9:908369| 4-30 |10-091631| 60 
908628} 4-30 091372] 5 

908886} 4-30 OgI114 58 
909144] 4-30 090856} 57 
909402] 4-30 090598) 56 
909660] 4-30 090340] 55 
909918} 4:30 090082] 54 
910177} 4-30 089823 53 
910435) 4-30 089565} 52 
910693} 4-30 089307} 51 
atbgst 4:30 089049] 5o 
9°911209] 4-30 |10-088791]| 4 
911467] 4-30 088533] 4: 
911724} 4-30 088276} 47 
g11982| 4-30 088018] 46 
gi2240| 4-30 087760} 45 
ee 4:30 087502] 44 
912756] 4-30 087244] 43 
gi3014} 4:29 086986] 42 
913271} 4:29 086729] 41 
913529] 4-29 086471] 40 
9-913787| 4-29 |10-086213| 3 
914044] 4-29 085956} 3 
914302] 4-29 085698} 3 
914560] 4:29 085440] 3 
914817} 4:29 085183} 35 
915075} 4:29 084925) 34 
915332] 4:29 084668} 33 
g155g0| 4:29 084410] 32 
915847| 4-29 084153} 31 
g16104| 4:29 083896] 30 
9'916362| 4-29 |10-083638} 2 
g16619; 4-29 083381} 2 
916877} 4:29 083123] 27 
917134] 4:29 082866] 26 
917391] 4:29 082609] 25 
917648} 4-29 082352] 24 
917905] 4:2 oe 23 
918163) 4-2 081837] 22 
918420] 4-28 081580] 21 
918677} 4-28 081323] 20 
97918934} 4-28 |10-081066] 1 
gIgtgi| 4:28 080809] 1 
919448| 4-28 080552] 17 
919705| 4-28 080295} 16 
919962} 4-28 080038} 15 
920219] 4:28 079781| 14 
920476| 4-28 079524] 13 
920733) 4-28 079267} 12 
920990] 4-28 | o7go010) II 
921247} 4-28 078753} 10 
9-921503} 4:28 |10-+078497 : 
921760} 4:28 078240 
922017| 4:28 077983} z 
922274, 4:28 077726 
922530] 4-28 977470] 5 
922787} 4:28 077213} 4 
923044} 4:28 076956) 3 
923300] 4-28 076700] 2 
923557] 4-27 076443} 1 
923813) 4:27 076187} 9 
Cotang. |! D. | Tung. | Mt | 


58 (40 DEGREES.) A TABLE OF LOGARITHMIC 


. | Sine D. Cosine | D.| Tang. D. Cotang. 
© | 9-808067| 2-51 | 9-884254|1-77| 9-923813|- 4:27 110-076187 
I 808218) 2-51 884148)1-77| 924070] 4:27 5 
2 808368} 2-51 884042|1+97 924327 4-27 
3 808519} 2-50 883936|1-77| 924583} 4+27 
4 808669] 2-50 883829]1-77| 924840] 4-27 
5 808819} 2-50 883723|1-77| 925096} 4-27 
6 808969} 2-50 883617|/1-77} 925352) 4:27 
4 809119} 2-50 883510|1-77| 925609} 4-27 

809269} 2-50 883404|1+77| 925865} 4-27 
9 809419}. 2-49 883297/1+73| 926122) 4-27 
10 09569 2-49 ee 1-78} 926378) 4-27 
II | 9+80971 2-49 | 9-883084|1-78) 9:926634) 4-27 |10 
12 809868} 2-49 882977|1-78| 926890) 4:27 
13 810017| 2-49 882871]1+78}  927147| 4:27 
14 810167] 2-4 882764|1-78| 927403} 4-27 
; 19 810316] 2-4 882657/1-78] 927659} 4-27 
16 810465} 2-48 882550)!-78] 92791 4:27 
\ i 810614) 2-48 882443|1-78| 928171) 4:27 
t 810763} 2-48 882336|1-79, 928427] 4:27 
19 8ro912| 2-48 882229/1-79| 928683) 4-27 
20 811061} 2-48 882121|I-79] 928940) 4-27 
21 | g-811210| 2-48 | 9:8820484|1-79| 9-9291 4:27 |10 
22 811358] 2-47 881907|1-79| 929492] 4-27 
23. | 811507} 2-47 881799|1-79| 929708) 4-27 
24 811655) 2-47 ae I-79] 929964) 4-26 
25 811804] 2-47 881584)1-79} 930220] 4-26 
26 811952} 2-47 881477|1-79| 930475} 4-26 
27 812100] 2-47 881369/1-79| 930731} 4-26 
28 812248) 2-4 881261|1-80] 930987} 4-26 
29 812396} 2-4 881153|1-80 931243] 4-26 
30 812544! 2-46 881046|1-80 hae 4:26 
31 | 9-812692| 2-46 | 9-+880938|1-80) 9-931755| 4:26 |10-068245 
32 812840] 2-46 880830/1-80} 932010] 4-26 067990 
33 812988} 2-46 880722\1-80} 932266} 4-26 067734 
34 813135] 2-46 880613|1-80] 932522} 4-26 067478 
35 813283) 2-46 880505|1-80} 932778} 4-26 067222 
36 813430] 2-45 880399|1-80 933033} 4-26 066967 
3 813578) 2-45 880289|1-81] 933289! 4-26 066711 
3 813725} 2-45 880r180|1-81] 933545} 4-26 066455 
39 813872) 2-45 880072|1-81} 933800] 4-26 066200 
40} 814019} 2-45 elates 1.81 934056} 4-26 065 
41 | 9:814166} 2-45 | 9-879855/1-81) 9-934311] 4-26 |10-06568 
42 814313} 2-45 879746/1-81| 934567} 4-26 06543. 
43 814460] 2-44 879637|1-81 934823} 4:26 065177 
44 814607} 2-44 879529/1-81 933078 4:26 064922 
45 814753] 2-44 879420|1-81] 935333] 4-26 064667 
46 814900} 2-44 879311|1-81| 935589] 4-26 064411 
4 815046} 2-44 879202|1-82 935844) 4-26 064156 
4 815193} 2-44 aie 3)1-82} 926190] 4-26 063900 
49 8153 2 2-44 87 4 4\1-82) 936355) 4-26 063645 
50 815485] 2-43 878875|1-82| 936610! 4-26 063390 
51 | 9°815631] 2-43 | 9+878766|/1-82] 9-936866] 4-25 10:063134 
52 815778} 2-43 878656|1-82|  937121{ 4-25 062879 
53 815924) 2-43 878547|1-82] 937376! 4-25 062624 
54 81606 2+43 878438|1-82| 937632) 4-25 062368 
55 816215} 2-43 878328)1-82| 937887} 4-25 062113 
56 816361) 2-43 878219|1-83 935143 4-25 061858 
5 816507; 2-42 878109|1-83) 938398} 4-25 061602 
5 816652| 2-42 877999|1-83 938683 4-25 061347 
59 816798) 2-42 877 = 1-83] 938908} 4-25 061092 
60 816943) 2-42 877780|1-83) 939163} 4-25 060837 


| Cosine Di Sine 149° Cotang. Di Tane. 


SINES AND TANGENTS. 
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| Cosine 


9:877780 
877670| 
877560 
877450 
877340 
877230 
877120 
877010 
876899 
8767 2 
87667 

9-876568 
876457 
876347 
876236 
876125 
876014|1- 
875904|1- 
“Uses 1°85 
875682 
875571|1 

9+87545 I- 
875343)1- 
875237/1- 
875126 
875014/1- 
874903 
owe I- 
874680 
874568 
874456|1-86 

9+874344|1 -86 
874232|1- 
874121|1- 
874009 
873896 
873784|1- 
873672 
873560 
873448|1- 
873335 

9:873223|1-87 
els 
872 
872885 
872772 
872659 
872547|1- 
872434|1- 
872321 
872208 

dar 
871981 
871868 
871755 
871641 
871528 
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(41 DEGREES.) 


Tang. 


+939163} 4-25 
: 339418 4:25 
939673) 4-25 
939928] 4-25 
940183} 4-25 
940438] 4-25 
940694} 4-25 
940949] 4:25 
941204] 4-25 
941458] 4-25 
941714] 4-25 
9+941968| 4-25 
942223) 4-25 
942478) 4-25 
942733) 4+25 
942988] 4-25 
943243) 4-25 
cnt 4:25 
943752] 4-25 
944007} 4-25 
944262] 4-25 
9-944517| 4-25 
944771} 4:24 
945026] 4-24 
45281) 4-24 
949535) 424 
945790| 4:24 
946045} 4:24 
946299 4:24 
946554) 4:24 
946808] 4-24 
9:947063|} 4:24 
947318] 424 
947572) 4:24 
941826) 4-24 
948081) 4:24 
948336] 4-24 
948590! 4-24 
948844 ne 
49099) 4:2 

940353 4-24 
9°949607| 4-24 
949862] 4-24 
950116] 4-24 
950370} 4-24 
950625} 4:24 
950879) 4:24 
951133] 4-24 
951388} 4-24 
951642} 4:24 
one 4:24 
9:952150} 4-24 
952405} 4:24 
952659) 4:24 
952913] 4-24 
953167| 4:23 
953421) 4-23 
953675] 4-23 
993929 4-23 
954183} 4-23 
954434! 4:23 


Cotang. | _D._ | Tang. 


10+047850 
047595 
047341 
04708 
0/6834 
04657 
04632 
046071 
045817 
045563 


peocienenee 


60 (42 DEGREES.) A TABLE OF LOGARITHMIC 


Cosine | D.|_ Tang. 

9-871073|1-90) 9-994437 
870960!1- 954691 
870846 954945 
870732 955200 
870618 955454 
870504 955707 
870390 955961 
870276 956215 
870161 95646 
870047 95672 
869933 956977 
869818 9°997231 
869704 957485 
869589 


95773 
869474 3 


579 
869360 958246 
869245 


958500 
869130 958754 
869015 959008 
868900 


959262 
Ce care 

9°868670 9°959769 
868555 960023 
868440 


960277 
868324 960531 
86820 


I 
I 
I 
I 
I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 960784 
868093]1 - 961038} | 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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867978 61291 
867862 961545 
867747 981799 
867631 962052 
+867515 +962306 
8673 3 962560 
86728 962813 
867167 963067 
867051 963320 
866935 963574 
86681 963827 
86670 964081 
866586 964335 
866470 964588 
*866353 964842 
866237 965095 
866120 965349 
866004 965602 
865887 965855 
865770 966105 
865653 966362 
865536 966616 
865419 96686 

865302 96712 

*865185 9+967376 
865068]1+95} 967629 
864950]1- 967883 
864833]1- 968136 
864716|1- 968389 
864598)1- 968643 
864481]1- 968896. 
864363)1- 96914 

8642451. oqdos 
864127|1- 969656 
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SINES AND TANGENTS. 


Sine 


0 | 9-833783 
1 833919 
2 834054 
3 834189 
4 834325 
§ 834460 
6 834595 
7 834730 
8 834865 
9 | 834999 
10 835134 
Tr | 9-835269 
12 835403 
13 835538 
14 835672 
15 835807 
16 835941 
I 836075 
I 83620 
19 83634 
20 836477 
21 | 9-826611 
22 836745 
23 836878 
24 837012 
25 837146 
26 837279 
2 837412 
2 ae 
29 37679 
a Ae 
I +83794 
32 9 839078 
33 838211 
34 838344 
35 838477 
36 838610 
37 838742 
38 838875 
39 839007 
4c 839140 
41 | 9839272 
42 839404 
43 839536 
44 839668 
45 839800 
46. 839932 
47 840064 
48 840196 
49 840328 
50 840459 
51 | g+840591 
52 840722 
53 | 840854 
54 840985 
55 841116 
56 mag 
5 84137 
§ 841509 
59 841640 
60 841771 


|__| Cosine 
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Cosine | D.| Tang. D. Cotang. 
9-864127)1-96) 9+969656} 4-22 |10+030344 
864010) 1-96} 969909} 4-22 030091 
863892/1-97| 970162] 4-22 029838 
eae °97| 970416} 4-22 029584 
863656!1-97| 970669) 4-22 029331 
863538|1-97) 970922| 4-22 eee 
863419 1-97] 971175) 4-22 028825 
863301|\1-97| 971429] 4-22 028571 
863183)1-97} 971682) 4-22 028318 
863064/1-97/ 971935) 4-22 028065 
862946)1-98] 972188) 4-22 027812 
9:862827)1-98) 9:972441] 4-22 |10-027559 
862709)1-98} 972694] 4-22 027306 
862590/1-98) 972948] 4:22 027052 
862471|}1-98] 973201] 4-22 026799 
862353|1-98) 973454], 4-22 026546 
862234/1-98} 973707} 4-22 026293 
862115|1-98| 973960] 4-22 026040 
ee I-98} 974213} 4-22 025787 
861877|1-98) 974466] 4-22 025534 
861758)}1-99| 974719] 4:22 025281 
9°861638|1-g9) 9°974973| 4:22 |10-025027 
861519|1+99| 975226] 4-22 024774 
861400)1-99| 975479] 4:22 024521 
861280)1-99| 975732] 4-22 024268 
861161)1-99| 975985] 4-22 024015 
861041)1-99) 976238) 4-22 023762 
860922)1-99} 976491] 4-22 023509 
860802\1-99| 976744) 4:22 023256 
860682)2-00/ 976997} 4:22 023003 
860562)2-00] 977250] 4-22 022750 
9°860442|2-00| 9977503) 4-22 |10+022497 
860322/2-00] 977756} 4:22 022244 
860202/2-00| 978009] 4-22 021991 
860082/2-00] 978262} 4-22 021738 
Pay alta 978515} 4-22 021485 
859842|2-00] 978768} 4-22 021232 
859721|/2-01] 979021] 4:22 020979 
859601\2-o1| 979274! 4:22 020726 
859480)2-o1] 979527} 4-22 020473 
859360)2-01) 979780] 4-22 020220 
9°859239/2-01| 9:980033} 4-22 |10:019967 
859119|2-01 980286} 4-22 O19714 
85899872-01} 980538) 4-22 019462 
858877 2-o1| 980791} 4-21 019209 
858756|2-02 981044} 4-21 018956 
858635|2-02} 981297) 4:21 018703 
858514) 2-02 eaiase 4:21 018450 
858393/2-02) 981803) 4-21 018197 
858272/2-02| 982056) 4-21 017944 
858151)2-02} 982309; 4-21 017691 
9°858029/2-02| 9:982562} 4-21 |10+017438 
857908 2-02| 982814] 4-21 017186 
857786|2-02| 983067) 4-21 016933 
857665)2-03} 983320} 4-21 016680 
857543]2-03| 983573] 4-28 016427 
857422/2-03; 983826) 4-21 o16174 
857300|2+03| 984079] 4:21 015921 
857178)2-03} 984331) 4-21 01566 
857056|2-03/ 984584) 4:21 or1d4t 
856934|2-03) 984837) 4:21 01163 
Siva_!46°| Cotang. | D. | Tang. 1] 


62 (44 DEGREES.) A TABLE OF LOGARITHMIC 


M.| Sine E Cosine i ang. . | Cotang. 
0-| 9°841771| 2-18 eae 03 4: 10-015163 
I 841902} 2-18 856812|2-03 4: 014910 
2 842033} 2-18 856690]2-04 4: 014657 
3 842163) 2-17 856568) 2-04 ifs 014404 
4| 842294] 2-17 856446) 2-04 4: 014152 
5 842424) 2-17 856323}2+04 4: 013899 
6 842555] 2-17 856201|2-04 4: 013646 
j 842685| 2-17 856078)2+04 4: 013393 

842815] 2-17 855956|2+04 4: 013140 
9 842946] 2-17 855833)2-04 4: 012888 
10 | 843076] 2-17 855711/2-05 4: 012635 
9°843206| 2-16 | 9-855588]2-05 4: 10-012382 
843336} 2-16 855465) 2-05 4: O12129 
843466} 2-16 855342|2-05 4° o11877| 
843595|™ 2-16 855219/2-05 4: 011624) 46. 
843725- 2-16 855096}2+05 4: 011371 
843855; 2-16 854973)2-05 4: 011118 
843984) 2-16 854850 2-05 4 010866 
844114) 2-19 854727|2-06 4: 010613 
844243) 2-15 854603/2-06 4: 010360 
844372] 2-15 854480] 2-06 4-2 OI0I07 
9°844502| 2-315 | 9-854356|2-06 4: 10+009855 
844631} 2-15 854233|2-06 4 009602 
suei6o 2-15 854109|2-06 4: 009349 
84488 2-15 853986}2-06 4: 009097 
84501 2-15 853862]2-06 4: 008844 
845147; 2-15 853738|2-+06 4: 008591 
845276} 2-14 853614|2-07 4: 008338 
845405] 2-14 853490]2+07 4: 008086 
845533) 2-14 853366}2-07 iis 007833 
845662} 2-14 853242|2-07 4: 007580 
9°845790] 2-14 | 9:853118)2-07 4: 10-007328 
845919] 2-14 852994|2+07) 4: 007075 
846047| 2-14 852869] 2-07 4: 006822 
846175| 2-14 Petes 2-07 4: 006570 
846304) 2-14 852620/2-07 4: 006317 
846432| 2-13 852496)2-08 4: 006064 
846560} 2-13 852371}2-08 4: 005811 
846688] 2-13 852247/2-08 4: 00555: 
846816] 2-13 852122/2-08 4 00530 
846944) 2-13 851997)|2-08 4: 005053 
9:847071| 2-13 | 9-851872/2-08 4: 10004801 
847199} 2-13 851747|2-08 4: 004548 
847327| 2-13 851622/2-08 4: 004295 
847454) 2-12 851497|2+09 4: 004043 
847582| 2-12 851372/2-09 4: 003790 
847709} 2-12 851246/2-09 4: 00363 
847836] 2-12 851121/2-09 4: 00328 
one ae 2-12 soe 2-09 4: 003032 
848091] 2-12 850870 2-09 4: 002779 
848218, 2-12 850745|2+09 4: 002527 
9°848345| 2-12 | 9+850619)2-09 4: 10-002274 
848472| 2-11 850493)2+10 4: 002021 
848599} 2-11 850368)2-10 4: oor 
848726) 2-11 850242|2-+10 4: ee 
848852} 2-18 850116|2-10 4: 001263 
848979] 2-11 B4ogge 2-10 2 oolorr 
849106] 2-11 849864) 2-10 : 000758 
849232) 2-11 alae 2-10 : 000505 
849359] 2-11 849611]2+10 2 000253 
849485} 2-11 849485) 2+10|10-000000 
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‘a. = LLISTORY. cream 


“ History is. Philosophy teaching by. Examples,” 


THE UNITED STATES. © Yout's History of the 


UNITED STATES. By James 
MonteiTH, author of the National Geographical Series. An elementary worl 
| upon the catechetical plan, with Maps, Engravings, Memoriter Tables, etc. Fer 
| the youngest pupils. 


2. Willard’s School H istory, for Grammar Schools and Academic classes. 
Designed to cultivate the memory, the intellect, and the taste, and to sow the 
seeds of virtue, by contemplation of the actions of the good and great. 


3 Willard’s U nabridged History, for higher ‘classes pursuing a complete 
course, Notable for its s clear arrangement and devices addressed to the eye, with 


a series of Progressive Maps. i 


4. Summary of American History. A skeleton of events, with all the prom- 
inent facts and dates, in fifty-three pages. May be committed to memory ver- 
~ datim, used in review of larger volumes, or for referénce simply. ‘A miniature 

of American History.” 


ENGLAND 1, Berard’s School History of England, combining 
= an interesting history of the social life of the English 


people, with that of the civil and military transactions of the realm, Religion, 
literature, science, art, and commerce are included. 


2. Summary of English and of French History. FRANCE. 


A series of brief eeueee. presenting more points re 
attachment for the pupil's interest and memory than a,chronological table. A 
well-proportional outline and index to more extended reading. 


RG ii Ricord’s History of Rome. Astory-like epitome of this inter- 

esting and chivalrous history, profusely illustrated, with the legends 

and doubtful_portions so introduced as not to deceive, while adding extended 
charm to the subject. 


GENERAL Willard’s Universal Hi istory. A vast subject so arranged 

ls and illustrated as to be less difficult to acquire or retain. Its 

whole substance, in fact, is summarized on one page, in a grand “Temple of 
Time, or Picture of Nations. 


General Summary of H istory. Being the Summaries of American, and || 
of English and French History, bound in one volume. The leading events in 
the histcries of these three nations epitomized in the briefest manner, 


A. S BARNES & CO, 


EFUBLISHERS. 


\eeaess . RR Ena J 


| “A Well of English Undefiled.” 
LITERATURE AND BELLES LETTRES, 
PROFESSOR . CLEVELAND’S WORKS. 


. A WHOLE LIBRARY IN FOUR VOLUMES. 


|) GOMPENDION ses LITERATURE. 


One Hundred and Twenty Thousand of these Volumes have been sold, 
and they are the acknowledged Standard wherever 
this refining study is pursued. 


PROP. JAMES R. BOYD'S WORKS. 


EMBRACING 
COMPOSITION, TCGIC, LITERATURE, RHETORIC, CRITICISM, 
BIOGRAPHY ;—POETRY, AND PROSE. 


BOYD'S COMPOSITION AND RHETORIC. 


Remarkable for the space and attention given to grammatical principles, to afford a 
substantial groundwork; also for the admirable treatment of synonyms, figurative 
language, and the sources of argument and illustration, with notable exercises for pre- 
paring the way to poetic composition. 


BOYD’S ELEMENTS OF LOGIC. 


explains, first, the conditions and processes by which the mind receives ideas, and 
then unfolds the art of reasoning, with clear directions forthe establishment and con- 
‘firmation of sound judgment. A thoroughly practical treatise, being a systematic and 
philosophical condensation of all that is known of the subject. 


BOYD'S KAMES’ CRITICISM. 


This standard work, as is well known, treats of the faculty of perception, and the 
result of its exercise upon the tastes and emotions. It may therefore be termed a Com- 
pendium of Aesthetics and Natural Morals; and its use in refining the mind and heart 
has made it a standard text-book. 


BOYD'S ANNOTATED ENGLISH CLASSICS. 


Milton’s Paradise Lost. Thomson’s Seasons. 
Young’s Night Thoughts. Pollok’s Course of Time. 
Cowper’s Task, Tuble Talk, &c. Lord Bacon’s Essays. 

In six cheap volumes. The service done to literature, by Prof. Boyd’s Annotations 
upon these standard writers, can with difficulty be estimated. Line by line their ex- 
pressions and ideas are analyzed and discussed, until the best comprebension of the 
powerful use of language is obtained by the learner, 
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